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MTT.TTA.Ry CURRICULUM MATERIALS 

The mUtary-developed curriculum materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for~dissem- 
ination "to the six regional Curriculum Coordination Centers and 
* other instructional materials agencies. The purpose of ^ 
disseminating these courses was to make curriculum materials 
developed by the military more accessible to vocational 
Educators in the civilian setting. 

The 'course materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the ialitary 
were deleted, copyrighted materials were either catted or appro; 
val for their use was obtained. These course packages contain - 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development. 
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Court* Description: 

This course is designed for students to gain a better understanding of the 
HH-3F helicopter. --^ 

The first pamphlet covers such subjects as rotary wing theory of flight, 
HH-3F familiarization, ^aircraft systems and Communications. A thorough knowledge 
of the aircraft and systems will enable one to properly perform routine inspections 
and systems troubleshooting. This pamphlet includes the following aircraft systems: 
hydraulics, electrical, landing gear, wheel brakes, ramp, rescue hoist, auxiliary 
power unit, engine fire detection, heating, ventilation, anti-ice and fuel. 

T>e second pamphlet is devoted to the HH-3F helicopter power train. It covers, 
the main rotor assembly, transmission system, flight control system and an in depth 
study of the T58-GE-5 engine. 

Also, included are two student syllab uses. One for the flight mechanic and 
the second is for the hoist operator. 
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This pamphlet contains original material developed at the 
Coast Guard Institute and also excerpts from: 

HH-3F Flight Manual T O. 1H-3(H)F-1 

HH-3F Maintenance Manual .". T.O. lH-3(H)F-2 

I 



IMPORTANT NOTE: In December, 1980, the information 
contained in this pamphlet was current according to the latest updates 
of those Directives/ Publications listed. This pamphlet was compiled for 
training ONLY. It should NOT be used in lieu of official Directives or 
publications. It is always YOUR responsibility to keep abreast of the 
latest professional information available for your rate. 



\ 



The personnel responsible for the latest review and ' 
update of the material irt this component during Decembeo 1980 are: 

ATCS B. L. Ely (Subject Matter Specialist) 

Mr. Bob Quick (Writer-Editor) 

YN2 J. W. Jessee (Typist) 

~j\ YN1 N.J. Spencer (Typographer) 

Hons about the text should be addressed to your Subject Matter Specialist. 
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INTRODUCTION 

This pamphlet will ^elp you gain a better understanding of the 
HH-3F helicopter. We will cover such subjects as rotary wing theory 
of flight, HH-3F familiarization, aircraft systems, and commutations. 

A thorough knowledge of the aircraft and systems' will' enable you 
to properly perform routine inspections and systems troubleshooting. 
This pamphlet includes the following aircraft systems: hydraulics, 
electrical, landing gear, wheel brakes, ramp, rescue hoist, auxiliary 
powefr unit, engine fire detection, heating, ventilation, anti-ice and 
fuel. 

'. ^ • 

Your study of the HH-3F helicopter does not stop here. When you 
complete this pamphlet, begin working on Pamphlet 660, HH-3F Helicop- 
ter Power train. 



NOTICE TO STUDENT 



This, pamphlet contains lesson tjuizzes. Correct answers and text references are 
* printed in the right-hand column of each quiz page. Cpver the answers in the right- 
: hand column. After you ariswefr the questions, remove the coyer to check your 
^ answer with the printed answer. Try to answer the questions in each quiz before 

looking back at the text. j . 
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ROTARY - WING THEORY OF FLIGHT 



1. 



OBJECTIVES 

When you complete this "section, you will be able to: 

Summarize the four basic fortes that act upon a helicopter 
in flight. 



2. Explain rotary-wing aerodynamics. 

3. Define dissymmetry of lift and the effects of ground reson- 
ance • 

4. Describe the weight* limitations and explain stalls in a heli- 
copter. * 

5. Explain the effects of weather on helicopter flight. 



At this point it is assumed that you 
are , familiar with theory of flight and its 
application to fixed-wing aircraft. There- 
fore, this section cqntains no extended 
discussion of the basic principles involved 
in the aerodynamics of flight. Instead there 
is only brief mention of the principles 
themselves, with the ma jo* emphasis on their 
application to the helicopter. * 

Although in many respects the\ helicop- 
ter differs radically from the conventional 
aircraft, rotary-wing' aerodynamics is not 
something entirely new and different from 
fixed-wing aerodynamics. The same basic 
principles apply to both a4~rgraft. During 
flight, the two types of aircraft are sub- 
jected to many *of the same forces and 
affected by many of the same reactions. 



BASIC FORCES ACTING UPON AIRCRAFT 



In flight, both /conventional aircraft 
and the helicopter* Are acted upon by four 
basic forces - WEKpHT, LIFT, THRUST, and 
DRAG. In addition, both types of aircraft 
^are affected by torque reaction. 



WEIGHT AND LIFT 



Weight and lift are closely related 
in that weight tends to pull the aircraft 
or helicopter - down, and lift holds it 
up. 'Here is where the basic similarity be- 
tween the helicopter and the airplane be- 
gins; both aircraft are heavier than air 



and both are supported by the reactions 
of airfoils to air passing over them. This 
reaction, or lift is a result of pressure 
differential. The pressure on the upper 
surface of the supporting airfoil is less 
than atmospheric, whereas the pressure on 
on the lower surface is equal to, or greater 
than, atmospheric. 

\ 

The conventional aircraft 1 s airfoils 
are, of course, the wings. The helicopter's 
airfoils are the rotor blades. One aircraft , 
has fixed wings and the other rotary wings, 
but the same basic principles of lift apply 
to both. 



The length, width, and shape of an 
"airfoil all affect its lifting capacity. 
However, for any one airfoil there are only 
two primary factors affecting the amount 
of lift the airfoil, will develop. The rela- 
tion between thesec two factors - velocity 
of airflow -v&nd angle of attack - and their 
effect! on lift can be expressed as follows: 

FoV a given angle of attack, the great- 
er the speed, the greater the lift. ^ 

For a given speed, the greater the 
angle of attack (up to the stalling angle), 
the greater the lift. 

Thus, lift can be varied by varying 
either one of these two factors. It is ob- 
vious, therefore, that increasing either 
speed or angle of attack, both, (up to 
certain limits) increases lift. 
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Velocity of Airflow 



Not Qnly is velocity of airflow a* pri- 
mary factor affecting lift, but a certain 
minimum velocity is required in order that 
the airfoils may develop x sufficient lift 
ta get either an airplane or a helicopter 
into the air and keep it there. This means 
that for either the airplane or the heli- 
copter, the airfoils must be moved through j 
the air at a relatively,, high speed. 

In the conventional aircraft, the re- 
quired flow of air . over the airfoils can 
bf obtained only by moving the entire air- 
craft forward. If the wings must move 
through the air at 100 miles per hour to' 
produce, sufficient lift to support the air- 
craft* in flight, then the fuselage and all 
other parts of the aircraft must move for- 
ward at that same speed. This means that 
the aircraft * must talce off, /fly, and land 
at relatively high speeds. Furthermore, the 
aircraft is limited to forward flight; it 
cannot fly backwards or sideways. i 



It can rise vertically. It can fly forward, 
backward, or sideways as the pilot desires. 
It can even remain stationary in the air 
while the rotating airfoils develop suffi- 
cient lift to support the aircraft. In fact, 
all of these kinds of flight are normal 
for the helicopter. 



Angle of Attack 



Velocity of airflow around an airfoil 
is only one of the factors affecting lift. 
The other factor is angle of attack. For 
either an airplane wing or a helicopter 
rotor blade, the angle of attack is the 
angle formed by the chord plane of the air- 
foil and the relative wind, as shown in 
f igure 1 . 

With the fixed-wing Coast Guard air- 
craft, the angle of attack can be varied 
only by changing the attitude of the entire 
aircraft. When, for example, the pilot wish- 
es to climb, lie pulls back on the control 




Figure 1. - Chord 

The helicopter's airfoils must also 
move through the air at comparatively high 
speed O to produce sufficient lift to raise 
the aircraft off the ground or keep it in 
the air. But here, the required sjfced is 
obtained by rotating the airfoils. Further- 
more, the rotor can turn at the required 
takeoff speed while the fuselage speed re- 
mains at zero . 

Thus, the speed of the airfoils (rotor 
blades), and the resultant velocity of air- 
flow over them, is independent of fuselage 
speed. As a result, the helicopter does 
not require high forward speeds of the en- 
tire aircraft for takeoff flight, and land- 
ing. Nor is it limited to fortapd flight. 



planes of airfoils. 1 

stick \>r column so that the aircraft will 
take a nose-high attitude, thereby increas- 
ing both angle of attack and lift. When 
he reaches the desired altitude, he levels 
off to decrease the angle of attack. When" 
he wishes to desend,he pushes forward on 
the ..stick or column, causing the aircraft 
,to take a nose-low attitude. 

The pilot can increase or decrease 
the helicopter's angle of attack without 
changing the attitude of the fuselage. He 
does this by changing the pitch of the 
rotor blades by means of- a cockpit control 
provided for this purpose. In fact, under 
certain flight conditions, the angle of 
attack continually changes as the rotor 
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blade turns 360 degrees. This occurs when- 
ever the rotor plane of rotation is tilted, 
as it is during forward, backward, and side- 
ways flight. This tilting of the plane of 
rotation of the main rotor and the aerody- 
namics of the various kinds of flight are 
discussed later. (Plane of rotation is also 
known, as the tip path plane and includes 
that area swept by the rotating blades.) 



Angle of Incidence 



For the airplane, the final value of 
the angle of attack depends on the attitude 
of the airplane and one o&her factor - the 
angle of * incidence • The angle of incidence, 
for either "an airplane or helicopter, is 
the angle formed by the chord of £he air- 
foil and the longitudinal axis of the air- 
craft. The longitudinal axis of a helicopter 
is a line at right angle &> to the main rotor 
drivje shaft . 

The conventional aircraft's angle of 
incidence is determihted by the designer 
and is built into thl£ aircraft . The pilot 
cannot change the angle of attack. ' 

The pilot can change the helicopter's 
angle of incidence at will by changing the 
pitch df the rotor bladefs. Like the angle 
of attack, the angle of incidence continual- 
ly changes a? the rotor revolves whenever 
the control stick is" moved from the neutral 
position and the rotor plane of rotation 
is tilted. Note the comparative angles of 
incidence as sketched in figure 2. 



Airfoil Section 

* 

Airfoil sections used for airplane 
wings vary considerably; eacjh is selected to 
meet specific requirement s-whe airfoil may 
be symmetrical or unsymmeVrical , like the 
ones shown in figure 3. ^ 




ctHTtnor 



Figure 3. - Center of pressure. 

An unsymmetrioal airfoil may be effi- 
cient for an airplane wing, but it has one 
disadvantage that makes it unsatisfactory 
for use as a rotor blade. The center of 
pressure "walks" forward and rearward as 
the angle of attack changes. The center 
of pressure is an imaginary point on the 
airfoil where all of the aerodynamic forces 
are concentrated. On an unsymmetrical air- 
foil the center of pressure is toward the 
rear of the wing at small angles of attacfk 
and moves forward as the angle of attack 
is increased. This forward movement .contin- 
ues until the angle of attack is approxi- 
mately the same as the angle of maximum 
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Figure 2. 



- Angles of incidence. 



lift coefficient. (The angle of maximum 
lift coefficient is that angle at which 
1 square foot of airfoil traveling ,at 1 
mile per hour will produce the greatest 
possible -lift.) 

The center of pressure cannot be per- 
mitted to walk back and forth on a helicop- 
ter rotor blade, since shifting of the cen- 
ter of pressure would introduce pitch-chang- 
ing forces. This would be undesirable-and 
dangerous. Therefore, the center-of-pressure 
travel is controlled by airfoil design airi 
is usually at a point 25 percent back from* 
the leading edge of the rotor blade. A sym- 
metrical airfoil has the Sesirable charac- 
teristic of limiting center-of-pressure tra- 
vel. 



THRUST AND DRAG 



, Like weight and lift, thrust and drag 
are closely related. Thrust moves the air- 
craft in the desired direction; drag tends 
to hold* it back. 

* The conventional aircraft's thrust is, 
in general, forward, and drag to the rear. 
These forces always act in opposite direc- 
tions and are usually horizontal, or only 
- slightly inclined for the horizontal. Sel- 
dom, if ever, do these forces approach the 
vertical. Purt;hermore, the conventional air- 
craft's thrust can be separated and consi- 
dered apart from lift. The propeller Cor 
jet) is responsible for thrust; the wings 
are responsible for lift. 

The helicopter gets both its lift and 
thrust from the main rotor. In vertical 
ascent, thrust;,, acts upward in a vertical 
direction, -while drag, the opposing force, 
acts vertically downward. In forward flight, 
thrust is forward and drag to the rear. 
In rearward flight, the two are reversed. 
In short, thrust acts in the direction of 
flight and drag acts in the, opposite direc- 
tion. 

The thrust and drag forces and two 
of these conditions-vertical flight and for- 
ward flight-are discussed in the following 
paragraphs., These discussions deal with the 
thrust and drag forces acting on the fuse- 
lage, not with the forces within the rotor 
system. 



During vertical ascent, thrust acts 
vertically upward while drag acts vertically 
downward. Here the drag ^opposing the upward 
motion of the helicopter is increased by 
the down-wash of air from the main rotor. 
Thrust must be sufficient to overcome both 
of these forces which make up the total 
drag. In figure 4, note that thrust acts 
in the same direction and in line with lift. 
Furthermore, the main rotor is responsible 
for both thrust and lift. Therefore, the 
force representing the total reaction of 
the airfoils to the air may be considered 
as being divided into two components. One 
component, lift, is the force required to 
support the weight of the helicopter. The 
other component, thrust, is the forte re-, 
quired to overcome the drag on the fuselage. 
But drag is a separate force from weight, 
as is indicated in figure 4. 

Now let us examine the thrust and drag 
forces acting on the fuselage during forward 
flight. 

In t any kind of flight - vertical, for- 
ward, backward, sideways, or hovering - 
the resultant lift forces of a rotor system 
are perpendicular to thd tip path plane 
"(plane of rotation) . Remember, the tip path 
plane is the imaginary plane described by 
the tips of the blades in making a cycle 
of rotation. During vertical ascent or hov- 
ering, the tip path plane is horizontal 
and this resultant force acts vertically 
upward, as shown in figure 5. To accomplish 
forward flight, the pilot tilts the tip 
path plane forward. The resultant force 
tilts forward with the rotor as shown in 
the illustration. The total force, now % being 
inclined from the vertical, acts both upward * 
and forward; therefore, it can be resolved < 
into two components as shown in the illus- 
tration. One component is lift, which is 
equal to and opposite weight. The other 
component, thrust, acts in the direction 
of flight to move the helicopter forward. 

Although this discussion covers only 
two flight conditions, it should point the 
way to a basic understanding of thrust and 
drag forces acting on the helicopter fuse- 
lage during flight. In rearward flight, 
the thrust and drag forces are' similar to 
those in forward flight, but are reversed. 
The tip path plane is tilted to the rear, 
the thrust components act to the rear, and 
drag* opposps the rearward motion of the 
aircraft , In sideways flight, the pilot 
tilts the tip path plane in the desired 
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direction of flight, thrust is to the right 
or left in the direction of flight, and 
drag acts in the opposite direction. 
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Figure 4. - Alignment of forced during 
vertical ascent. 



UlULTAfT LIFT 




Figure 5. - Transition from vertical to 
forward flight. 

TORQUE 



As the helicopter rotor turns in one 
direction, the fuselage tends to rotate 
in the opposite direction. This torque ef- 
fect is in accord with Newton f s third law 
of motion which states that, "To every ac- 
tion there is an opposite and equal reac- 
tion." In the helicopter, the reaction is 
in a direction opposite to that in which 



the rotor is driven by the engine and is 
proportional in magnitude to the power being 
delivered by the engine. 

Torque is of real. concern to both the 
designer and pilot. There must be provisions 
for counteracting torque and for positive 
control over its effect- during flight. On 
dual-rotor and coaxial-rotor helicopters, 
the 'rotors turn in opposite directions , 
thua "washing out" ^torque reaction. In jet 
helicopters with engines mounted on the 
main rotor blaue tips, the power is ini- 
tiated at the rotor blade; therefore, the 
reaction is between the blade and the air, 
with no torque reaction between the rotor 
and the fuselage. Therefore, in helicopters 
of the single main rotor configuration, 
torque presents a problem to the pilot dur- 
ing flight. 

The usual way, of counteracting torque 
in a single mairi^> rotor helicopter is by 
means of an antitorque rotor. The auxiliary 
rotor is mounted vertically on the outer 
portion of the tail boom. The tail rotor 
produces thrust in a horizontal plane , oppo- 
site in direction to the torque reaction 
developed by the main rotor. Figure 6 shows 
the direction of the torque reaction and 
the direction of tail rotor thrust 'for a 
helicopter in which the . main rotor turns 
from the pilot 1 ■ right, to his front, to 
his left, and then to his rear. Most single- 
rotor systems turn in this direction. p 




Figure 6. - Torque reaction 
and compensation . 
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Since the torque effect o,n the fuselage * 
is a result of. the engine power supplied 
to the main rotor, any change in engine 
power brings about a corresponding change 
in the torque effect.; Furthermore, power 
requirements vary with flight conditions. 
Therefore, the torque effect is not con- 
stant but varies during flight* This means 
- that there must be some provision for vary- 
ing tail rotor thrust. Usually, a variable- 
pitch tail rotor is 'employed, and rudder 
ppdals are linked by cables with the pitch 
change mechanism in the tail rotor gearbox. 
This permits the pilot to increase or de- 
crease tail rotor thrust, as required, to 
neutralize the torque effect. 

The tail rotor and its controls serve 
as both a means of counteracting torque 
effect and a means of heading the helicop- 
ter in the desired direction of flight. 
Therefore, the tail rotor control pedals 
serve as rudder pedals. The effect of the 
tail rotor controls is shown in figure 7.- 
Applying left rudder causes the nose of 
th$ helicopter to turn to the left; apply- 
ing right rudder causes the nose to swing 
to the right. When the pilot wishes to main- 
tain a constant heading, he keeps just e- 
nough pitch in, the tail rotor to neutra- 
lize torque effect. 

Although the tail rotor is the pri- 
mary means of counteracting and controlling 
torque, the tail rtrtor alone does not quite 
do the ±ob. This is true because torque 
cannot be compensated for by a single force. 
The tail rotor alone would prevent rotation 
of the fuselage, but would cause TRANSLATION 
(movement in a lateral direction) of the 
helicopter, during hovering, in the direc- 
tion of tail rotor thrust. 



Complete compensation for torque re- 
quires a COUPL^ - a pair of equal forces 
acting in opposite directions. Tail rotor 
thrust constitutes one of the forces. The 
second force is introduced by rigging the 
helicopter with the tip path, plane tilted 
from 1 to 2-1/2 degrees to the left, de- 
pending upon the helicopter. Figure 8 shows 
the balance of forces on a helicopter em- 
ploying a single right-to-left main rotor. 
Note that the slight tilt of the tip path 
plane to the left results in a thrust force 
to the left. This force and tail rotor 
thrust form the couple required to complete- 
ly compensate for torque. 




Figure 7. - Effect jof tail rotor pitch 
changes on heading. 

HELICOPTER FLIGHT 



HOVERING 



Hovering is the maintaining o£ a posi- 
tion above a fixed 4spot on the ground, usu- 
ally at an altitude of about 8 feet. Heli- 
copters normally hover on takeoff s and 4 land*-v 
ings. 

For the .helicopter to hover, its main 
rotor must supply lift equal to the helicop- 
ter's weight. Lift is controlled by control- 
ling the pitch of the rotor blades. As the 
blades rotate, air flows across the leading 
edge of each blade in the direction* indicat- 
ed in figure 9. The airflow crosses the 
leading edge of each blade throughout the 
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complete rotational cycle,, of 360 degrees* 
At .the same time the blades have a tendency 
to screw upward into the air, and air .flows 
down through the rotor system from above, 
as shown in figure 10. 



I* T» *</*• TUT 




TOMUf •UCTiaM 



Figure si - Balance of forces 
on a helicopter. 




stick increases the pitch; lowering it de- 
creases the pitch. If the rotor rpm remains 
constant, increasing or decreasing the blade- 
pitch causes the helicopter to climb or 
descend. 




Figure 9. - Airflow across blades. 



Figure 11. - Main rotor^pitch controls. 

To maintain constant rotor rpm dur- 
ing pitch change on turbine powered heli- 
copters, the fuel control, on the engine, 
senses the increase or decrease of the rotor 
rpm and schedules fuel to the engine to 
compensate for it. When the collective stick 
is raised, the rotor tj.lade rpm will begin 
to slow down due to the added load on the 
blades from the increase in pitch. The fuel 
control immediately senses this slowing down 
through the power turbine flex shaft and 
supplies more fuel to the engine. The re- 
verse takes place when the pitch is de- 
creased. 
) 

DIRECTIONAL FLIGHT 



N V/ 




Figure 10. - Airflow through blades 



, By' - raising or lowering the collective 
pitch stick, the pilot can change the col- 
lective pitch the pitch on all of the 
main rotor blades - the same amount. The j 
collective stick is operated with the left/ 
hand, as shown in figure 11. Raising the 



Vertical ^flight 

Vertical flight is controlled exactly 
the same way as hovering, since hovering 
is an element of vertical flight. To climb, 
the. pilot raises the oollective pitch stick. 
At - the same. time, the cyclic control (dis- 
cussed under "Horizontal Flight 11 ) is held 
in a near neutral position, so that lift 
will be vertical. The flow of air is still 
over the leading *#dge of each blade, but 
the helicopter is now moving upward, as 
shown in figure 12. 

When the helicopter is climbing ver- 
tically, the main rotor supplies not only 
the lift necessary to support the helicop- 
ter's weight, but also the thrust necessary 
to cause the helicopter to rise vertically. 
To descend, the pilot lowers the collective 
pitch stick to decrease main rotor pitch 
and the resultant lift. 
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Horizontal 



Horizontal ^flightJ is controlled by 
tilting the tip path plane in the direction 
of desired flight - forward, backward, to 
the left, or to the right. As detailed in 
figure 12, the helicopter moves in the 
direction the tip path plane is tilted. 





Flgur*-12. - Directional flight attitudes. 



LOW FLAP 
«OULT 



Figure 13. Pitch changes for forward flight. 

For every pitch change, there is a 
resulting flapping' action *of the individual 
blades, as they constantly 'change pitch 
during rotation. As is r shown, maximum flap- 
ping takes place 90 degrees around the cycle 
of rotation from the place where the pitch 
change was applied/ The equal and opposite 
pitch change and tho resulting flapping 
of the , individual "blades causes the tip 
path plane to tilt in the same direction 
as the pilot moves the cyclic control stick. 
Thus, to fly forward, backward, sideways, 
or in fact, any direction horizontally, 
the pilot must tilt the cyclic control stick 
in the desired direction. Coordination of 
the tail rotor pedals may be required to 
neutralize torque effect. 



Combination Changes of Direction 



To climb or descend while moving for- 
ward, backward, or to either side is merely 
a matter of coordinating the movements of 
the collective pitch control, which govern 
vertical flight, and the. cyclic control, 
which governs horizontal flight. The tail 
rotor counteracts torque and is used to 
change the heading of the helicopter. 



The pilot tilts the tip path plane 
by means of the cyclic pitch control. This 
control provides a mechanical means of 
changing the pitch of the main rotor blades 
in any direction of tilt throughout their' 
full 360 4 degrees of rotation? Cyclic pitch 
change is equal and opposite, as shown in 
figure 13. If the blade pitch is increased 
3 degrees on one side of the rotor center, 
at a point 180 degrees around the cycle 
of rotation, the ' blade pitch is decreased 
3 degrees. 



Takeoffs 



Helicopter takeoffs are vertical 
climbs. For normal takeoff, the engine is 
run up to the stipulated takeoff power; then 
the collective pitch stick is raised gradu- 
ally to increase the rotor blade pitch until 
the helicopter rises into the air. The 
cyclic control stick is held in a near 
neutral position so that the helicopter will 
rise vertically. 
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At a height of about b fast, Ilia col- 
lecttve pitch, is adjusted la Mini* In Hits 
position, hove Hug above lha takeoff spot 
la preparation for •ovaawnt In Ilia desired 
'direction of tre**l. 



Qround Cushion 



Aa the helicopter rises froai the ground 
in a hovering attitude lo a haight of a 
ar • faat, a cushion effect }s built up 
under the helicapter. Tina U coeaaonly cal- 
lad ground cuahion or ground affact . Tha 
grouiwl cuahion develope because air la pack- 
ad between tha wli rotor blades and tha 
ground. Aa shown in 'figure 14, Ilia downward 
flam of air atrikas tha ground arid la par- 
tially trapped undar tha Bain rotor systea. 
tha air packs bacauaa it cannot oacapa ti 
rapidly aa tha downward flow of air asta- 
kliahed by tha nain rotor bladaat therefore, 
a cuahion of slightly coe>piessed air la 
bull I up. mt 

Boyle's Law stetee that lha denelty 
of any gei* varies direct la»ee to its prat- 
aura. Tha graatar tlia density of air, tha 
graalar tha affUiancy of both tha angina 
and lha rotor tysteo. The ground cushion 
la aatabliahad la a haight equal la lha 
rotor diameter, but ia affactlva only to 
a haight of approtlnately ona-hulf tha rotor 
diaawtar. Corra ■ponding I y , thara It wrt 
powar available for hovarlng naar lha 
ground, that la, within a .height of ona- 
half rotor diameter, Ttia ground cuahion 
affact la loat at airspeeds lit esceas of 
10 Mi lot par hour. 



Tranal a tibial Lift 



Treneleitoual lift U iIm additional 
lift davalopt'd ai lha helicoptei accalaratai 
into forward flight*. Treiielul Ional lift be- 
cumi affactlva al an olrapeed of opproxi- 
nataly IS alla» par hour, and II continual 
to incraaaa with forward apeed. However, at 
high valuaa of forward apeed parasite drag 
incraaees Mora rapidly than Iranilat ional 
lift, - 

Since vertical lift intra 4 Ml aiut lhan 
dacraaaaa with changing valuea of forward 
spead, at sams airspeed II ejuit reach a 
point af maximum, This speed la known aa 
th# no I I efficient elrepeed , and 11 will 
raaiain approximately cenatant for e parti- 
cular type of helicopter, for example, the 
■oat efficient airspeed for a typical hall- 
copter nay bo bU knete. At lis moat effici- 
ent airspeed, e hallcopter will have Hi 
beat rate of climb, laeal rata or descent 
for a given power setting, and •esimum en- 
durance. e> 

Mian novating b to V feat abova the 
ground in a no-wind condltiott, tha helicop- 
ter io aided by the ground cushion affact. 
As tha helicopter antars forward flight, 
it slidae off the ground cuahion, and re- 
duced lift will teuaa tha ctaft 10 salt la. 
The pilot Incraeiaa pitch to prevent con- 
tact with tha ground. However 4 when a for- 
wariTspead of approximately IS nph is reach- 
ed, trans la t Ional 1 1 ft becomea affactlva 
and tha hallcopter will gradually climb. 
Aa forward speed Is increased, lift is in- 
eraaaed and leas powar will ba required 
te nalntajn straight and lew! flight. 
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Kroa tha hovering position, b to • 
feel abova the -ground, tha pilot prepares 
to oove Into forward flight, Aa lie stoves 
tha cyclic stick slightly forward, cauaing 
the tip path plain; to tilt forwaiSI, the 
helicopter settles toward the ground for 
two reasons, lirst, tha helicopter noves 
off its ground cushion, Using the support 
of the denser air. Second, the power of 
the tea in retor systeaj is ne longei devoted 
completely to IIM, but is new divided be- 
tween lift and t timet , 

At S nph the helicopter ia losing some 
of ita ground cushion and ha a a shorter 
llli vector* so it aattlas sllglnly toward 
the ground. At 10 mph it ia still settling. 
Uut 4I IS nph there is a noticeable increase 
in lift, which will continue an forward 
speed la increased, This additional lift, 
which become available at about IS aiph, 
la called ironsUtlonal lift . 

*Kany afforta have been nade to explain 
trauslational lift, rerhaps the most plau- 
sible explanation la that a helicopter teuat 
travel about the diatanca covered in reach- 
ing IS nph to enter a clear air let. ion. 
Whatevar the aKplatuit Ion, a helicopter de- 
finitely will have greater efficiency and 
greater lift whan it reachea a forward *pe^d 
of IS nph and beyond. 



Helicopters usually take of I Into the 
wind) hence, the greater the velocity of 
the wind, the eooner a helicopter will enter 
into tranalet ional lift. In a IS nph wind, 
for example, a helicopter will liover in 
translat ional lift following take-off. It 
will not settle ee it moves forward, pro- 
viding tha takeoff ia into the wind. 



nOTAHY-VlNU AfcKOOWAMlC Kr>HCTS 



A helicopter is subject to several 
rotary-wing aerodynamic effects, which we 
will now consider. 



AUTONOTATION 



Auto tot at ion, " toast! lees called "wind- 
■tiling,* ia the process of producing lift 
with atr-feila which rotate freely as the 
air paasee froai the bottosi up through the 
retor syeten. Undar power-off conditiona, 
tha helicopter will daacandi thus the air- 
flow will be eetebllshed free tha hottest 
upwsrd through the rotor aysten. The reter 




figure 14. - Uround cushion and trenalational lift. 
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is automatically disengaged from the engine , 
and the necessary power required to overcome 
parasite and induced drag of the rotor 
blades is obtained from the potential energy 
due to the helicopter »s weight and height 
above the ground. This potential energy 
is converted into kinetic energy, which 
is used to rotate the overhead rotor sys- 
tem during descent. 

Autorotation is the principle used in 
the flight of the autogyro to provide lift. 
A helicopter uses autorotation for emergency 
landings in case of engine failure. 

During autorotation, the rotor blades 
turn in the same direction as when engine- 
driven, but the air passed upward fhrough 
the rotor system, causing a slightly greater 
upward flexing or coning of the rotor 
blades. Since the engine is not driving 
the rotor, there is no torque effect on 
the fuselage during autorotation. 



While the helicopter is in autorota- 
tion, it is essential that the pitch of 
the rotor blades ,be reduced materially to 
minimize drag, thus permitting a high rotor 
rpm to build up. When the pitch angle of 
the main rotor blades is low (as shown in 
figure 15) the resultant lift force lies 
ahead of the axis of rotation, tending to 
keep the blade turning in its normal direc- 
tion of rotation. 

figure 16 shows a condition in which 
the blade pitch angle is too high for satis- 
factory autorotation. Note that drag is 



increased and the resultant lift force lies 
behind the axis of rotation, slowing 'the 
rotor. 

The pilot' must reduce the pitch in 
order to keep the rotor blades turning at 
^sufficient speed to maintain the required 
centrifugal force. Otherwise, the blades 
will fold up and the helicopter will tumble 
out of control. 

If the engine fails duriog flight, 
a safe autorotation can be accomplished, 
provided the helicopter is being flown at 
a safe altitude-airspeed combination and 
the inflight altitude is sufficient to per- 
. mit selection of a suitable landing area. 
When altitude permits, an engine air restart 
may be attempted. If the engine fails to 
start, a power-off landing must be made. 
Collective pitch must be reduced for autoro- 
tation and a glide established at the most 
efficient airspeed with the stipulated auto- 
rotative rotor rpm. At a predetermined alti- 
tude (140 feet * or 200 feet, depending on 
the type of Coast Guard helicopter), the 
nose of the helicopter is rotated up with 
aft cyclic to reduce the airspeed and the 
rate of descent. This maneuver is referred 
to as a flare. When the desired reduced 
airspeed and altitude are obtained, the 
cyclic stick is moved forward to position 
the helicopter in the desired attitude for 
Iknding. The collective stick will now be 
used to control ' the rate of descent when 
the helicopter is approaching the ground. 
The collective is not used to stop the rate 
of descent, but to establish a very low 
sink rate at surface contact. After ground 
contact, the collective stick is lowered 
to minimum pitch. 



r 




Figure 15. - Lift and drag forces 
at lay blade pitch. 
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Figure 16. - Lift and drag forces 
at high blade pitch. 
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The sue basic principles of Aerodynamics and theory of flight 
apply to , both the helicopter and the fixed-wing aircraft* However, a 
.comparison of the blade and wing shows how these two types of aircraft 
differ. Although the blade ang, wing are both lift-producing airfoils, 
an aircraft wing is fixed, but?the helicopter blade is moveable. Also, 
movement of the blade changes the direction of helicopter flight, 
whereas the primary control surfaces perform this function on a "fixed- 
wing aircraft^; s 

The "basic forces acting on ah aircraft" and some of the "rotary- 
wing aerodynamic effects" were covered in this section. 

(Nov answer the following review questions*) 



1* Which combination of pressures on the 
upper and lower surfaces of an airfoil will 
produce lift? v 



A. 


Upper 


- equal to 


atmospheric 




lower 


- equal to 


atmospheric 


B. 


Upper 


- greater 


than atmospheric 




lower 


- equal to 


atmospheric 


C. 


Upper 


- less than atmospheric 




lower 


- equal to 


atmospheric 


D . 


Upper 


- equal to 


atmospheric 




lower 


- less than atmospheric 



l.-C When pressure on the uppe 
surface of an airfoil is 
than the pressure on the 
surface, lift is produced 
(Refe$ + j:o page 1) 



r 

less 

lower 



2. The two ' PRIMARY factors affecting the 
amount of lift an airfoil will develop are 
the angle of » L » . 



A. incidence and the chord plane of 
the airfoil 

B. incidence -and the center of, pres- 
sure travel 

C. attack and the transition of for- 
ces 

D. attack and the velocity of airflow 



2.-D As the angle of attack and 
the -velocity of airflow 
increase, pressure^on the 
lower surface of the blades 
increases and lift is greater. 
(Refer to page 1) 



3. Symmetrical airfoils are used for heli- 
copter blades because the center of pressure 
on this type of airfoil is fixed. 



A. 



True 
False 



4. Regardless of the direction of heli- 
copter flight, what force always acts in 
the opposite direction to thrust? 



A. 
B. 

C. 
D • 



Lift 

Velocity 

Gravity 

Drag 



3. -A „ On \inaymmetrical airfoils, 

the center 6f. balance will, 
walk back and forth on the 
rotor blade as the angle of 
attach' Is changed. This 
introduced pitch changing 
forces* CR*f«r to page 3 and 4) 

4. -D Any type of: drag on an air- • 

craft surface ttendu to htild 
the aircraft bac«c. (nefer j:o 
page 4) 
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Or 



5. , Single nr<&br helicopters are rigged 
;with the main*^ rotor tip path plane tilted 
slightly to the left iii order to ' 



A* ensure positive stability during 

autorota&xon 
B. *. preveilt^ blade stall during auto- 

rotation \ . 

(j£ offset tail . rptor ♦thrust during 

hovering ' 
D. offset main rotor torque during 

hovering 



5.-C Tail rotor thrust offsets the main 
rotor torque, and the tilt to the 
main rotor trip- -path plane offsets 
the thrust of the tail rotor. 
(Refer to page 6) - 



6. A 'vertical climb in a helicopter is 
initiated by p itch control. 

A. raising the cyclic 

B. \- lowering the cyclic 

C. lowering the collective 

D. raising the collective 



6.-D ~ Raising the collective increases 
the pitch on all the rotor blades 
at ti\e same time. By increasing 
the pitch, you will create more 
lift and the helicopter will 
climb. (Refer to page 7) 



7. As a helicopter accelerates into for- 
ward flight, additional liift is developed. 
This is called lift. 



A, 
B. 
C. 
D". 



translational 
effective 
secondary 
symmetrical 



8. A helicopter .will settle when it moves 
from „a hover to*forward flight because _ . 2 . 

.? 

A. it moves off v its ground cushion 

B. engine power is devoted Completely * 
to thrust 

C. the air into "which it- moves is 
denser 

D. the effects of translational lift 
are lost 

9. T What is the purpose of the "flare" 
an autorotation? 



A. Reduce the .airspeed and the rat^e 

of descent 
'B. Reduce the airspeed and increase 

the rate of descent 

C. Establish a very low - sink rate 
1 . at surface contact 

D. Position the helicopter in the 
desired attitude for landing 



/ 



8. -A 



9. -A 



This additional lift is due to 
the Increase -'in the velocity of 
airflow. -This occurs at about 
15 mph. (Refer % to page 9) 



As a helicopter moves off its 
ground cushion, it will lose a 
small amount of lift and tend 
to settle. (Refer to page 9) 



As the aircraft flares out, the 
angle of attack is greatly- in- 
creased and speed is decreased. 
(Refer to page 11) 



DISSYMMETRY OF LIFT 



Dissymmetry of lift is the difference 
in lift whichN^xLsts between the advancing 
half of the di^e^ area and its retreating 
half when the helicopter is in horizontal . 
flight*. (The disc area is that swept by 
the rotating blades.) 

When 'the helicopter is hovering motion- 
less « in still air, the lift created By the 
advancing and retreating halves of the 'disc 
area is equal. But when the helicopter is 
moving forward, the forward,, speed of the 
aircraft is' added to the rotational speed 
of the advancing blade aiid subtracted from m 
the rotational speed of the retreating 
blade. (See figures 17^ and 18.) 

The coefficient of liit (C L ) is deter- 
mined by airfoil shape. Most helicopters 
use, symmetrical rotor blades, because sym- 
metrical rotor blades perform well whether 
the flow of air is from the top downward 
through the rotor system, as in powered 
flight - or from the bottom upward as in 
autorotativeX flight. Also as mentioned pre- 
viously, a symmetrical airfoil limits the 
travel of the center of pressure, which 
is very important because center -of -pressure 
travel would introduce pitch-changing mo- 
ments* on the blades. 

Density of the air depends, of course, 
on temperature, moisture, altitude, and so 
forth. - ' * 




Figure 17. - Zero airspeed - symmetry. 
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Figure 18, - Forward speed - dissymmetry. 

Velocity,' as we have seen,' is the pro- 
'duct of two factors: the speed of the blades 
and the speed of the helicopter *it self. 

It is obvious that three factors of 
the basic lift formula are the same for 
both advancing and retreating blades. These 
are Cl, D, and A. The only variable is V, 
velocity. Therefore, lift varies according 
to the square of the velocity. 

Now let us consider some Specific val- 
ues. The tip speed of some helicopter rotors 
is about 350 ' mph at normal takeoff rpm. 
In tfiese examples, however," we will use 

■* a tip speed of 300 mph to simplify arith- 
metic . Also $ we will consider* only the tip 
speed although rotational speed varies from 
about 350 mph at the Jip of the blade to 

v a considerably slower speed at the rotor 
head. ' * 

When the helicopter is hovering, the 
velocity of the advancing blade is 300 mph. 
The velocity -of , the retreating blade is 
the same, 300 mph Therefore, the lift creat- 
• ed by * the advancing blade is the same as 
that of the retreating blade. (See figure 
17.) 

Now consider the velocity of the blades 
when the helicopter is moving forward, as 
in figure 18, at a speed of 100 <mph. 

The -advancing blade has a tip speed- 
of 300 mph plus the helicopter speed of 
100 mph, or 400 mph,. V 2 is 160,000. 
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The retreating blade has a tip speed 
of 300 mph minus the helicopter speed of 
100 mph, or 200 mph. V2 i s 40,000. 

> 

The lift created at the blade tip is 
in the ratio of 160,000/40,000, or four 
times as much for the advancing blade than 
for the retreating blade. If such dissym- 
metry of lift were allowed to go uncorrec- 
ted, the helicopter would turn over. 

"The normal correction for dissymmetry 
of lift is to incorporate a flapping hinge 
in the rotor head. This device equalizes 
lift on the advancing and retreating blades. 
The hinge permits an advancing blade to 
rise, thus reducing its effective lift area. 
The hinge also allows a retreating bla,de 
to settle, increasing its effective lift 
area. Thus, the blades position themselves 
aerodynamically to equalize lift on the 
advancing and retreating halves of the disc 
area. 



PENDULAR ACTION 



It is, normal for the fuselage of a 
helicopter to act like a^ pendulum, that 
is, to swing laterally and lpngitudinally. 
This, pendular action can be exaggerated 
by over-controlling; therefore, control 
stick movements should be decidedly moder- 
ate. lAlso, because of this normal pendulous 
action, it is wise to keep the wheels of a 
helicopter at least 5 feet above the 
ground while hovering. (See figure 19.-) 

' ~It is also normal for the helicopter 
to take a nose-low attitude in forward 



flight,- and a nose-high attitude in rearward 
flight. This is caused by- the fact that 
the drive shaft lines up in the same 
straight* line as the resultant lift vector. 



RESONANCE 



A helicopter is subject to two types 
of resonance -- sympathetic" resonance and 
ground resonance. 

Sympathetic resonance is a harmonic 
beat between main rotor and tail rotor sys- 
tems, which could shake the helicopter to 
pieces. This unsatisfactory condition has 
been engineered out of helicopters by de- 
signing the main and tail gear boxes in 
odd decimal ratios. Thus, the beat of the 
main rotor cannot harmonize with the beat 
of thes tail roto*. There is no known case 
of helicopter destruction caused by sym- 
pathetic resonance. 

Ground resonance, ,may develop whenever 
the center of mass of the rotor system be- 
comes unseated. This usually occurs during 
landings, when the helicopter is 87 to 95 
percent airborne. Ground resonance, develops 
when the aircraft is light on its wheels, 
and one wheel of the main landing gear hits 
the ground and then the other wheel hits. 
Such successive shocks tend to cause the 
blades straddling the wheel hitting the 
ground to move down and to change their 
angular relationship. If a similar reaction r 
takes place when the opposite wheel hits the 
ground, resonance may develop. (See figure 
20.) This sets up a pendulum - like oscilla- 
tion, of the fuselage, which continues when 




Figure 1$. - Pendular action. 
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once established until some force shocks the 
system sufficiently to interrupt the beat. 
This oscillation usually leads to structural 
failure. 




Figure 20. - Effect of ground resonance. 

If ground resonance should occur with 
high ~ power, the pilot must immediately in- 
crease pitch and takeoff. The resonance 
will stop when the helicopter becomes air- 
borne • If ground resonance 'should occur 
with low frowetf, the. pilot must immediately 
decrease rotor rpm further by decreasing 
throttle and applying both the rotor brake 
and the wheel brakes. If ground resonance 
should occui? on a landing, increoSe throttle 
and collective pitch and hover. Seek a soft- 
er spot to make a landing because a shock 
strut or damper may be malfunctioning. 

To reduce the possibility of ground 
resonance occurring during takeoff, steadily 
increase main rotor pitch until the wheels 
are clear of the ground. During landings, 
steadily decrease collective pitch as the 
, wheels contact the ground. 



GYROSCOPIC PRECESSION 



Gyroscopie • precession is an innate 
quality of all rotating bodies, in which an 
applied force is manifested approximately 
90° in the direction of rotation from the 
point where the force is applied. 'Thus, in 
figure 21, if a downward force is applied to~ 
the right of the disc area, gyroscopic 
precession -will cause the disc area to tilt 
down in front, u provided that the rotor 
system is turning from right to left. The 
applied force is pitch change on the main 
. rotor blades, which is regulated By the 
cyclic control. 




IfCOMeS MANIFEST Httf 



Figure 21.- Gyroscopic principles. 

To simplify directional control, heli- 
copters employ a mechanical linkage (figure 
22), "which actually place? cyclic pitch' 
change of the main rotor blades 90° ahead 
in the cycle of rotation. Thus, if the cy- 
clic control is moved forward (in case of 
a rotor system turning from right to left),' 
high 'pitch is applied to the blade on th$ 
pilot's left and low pitch is applied to 
the blade on his right. Since every pitch 
change causes a flap, reaching its maximum 
approximately 90° around in the cycle of 
rotation, this flapping will cause the disc 
area to tilt forward. 

As you can see, if this offset linkage 
were not employed, the pilot would be re- 
quired to move the cyclic stick 90° out 
of pha^e, or to the right when he wanted 
to tilt the disc area forward, and forward 
when he , wante4 to tilt the disc area to 
. the left, and so on. 



WEIGHT LIMITATIONS 



There is no single answer to the maxi- 
mum weight at which a helicopter can be 
operated. The maximum permissible weight 
of a helicopter varies within broad limits, 
depending upon certain weight controlling, 
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'Figure 22. - Mechanical linkage. 



criteria. The maximum weight of a helicopter 
~ becomes a variable quantity to produce op- 
• timums under different conditions. The 
weight limitation charts for a particular 
type helicopter provide flight personnel 
with "operational gross weight information. 
However, it is readily understandable that 
as a structure is loaded to higher weights, 
its ability to withstand shocks or add}.-* 
tional loads resulting from maneuvers be- 
eomes increasingly less. 

The margin of safety is the amount 
of shock or additional load that the struc- 
ture will sustain before failure occurs* 
In planning any helicopter mission, • the 
fact must be recognized that the maximum 
permissible weight may depend on the margin 
of safety desired for the various support- 
ing structures, such as the main rotor, 
fuajelage, landing gear, flooring, etc. 
Should the mission .require excessive maneu- 
vering or flight through turbulent air, 
it would be advisable to maintain a larger 
margin of safety than if smooth, level 
flight were contemplated* 

In regard to helicopters, load factors 
are used as an indication of the margin 
of safety that is available. At any parti- 
cular .moment -of operation the structural 
margin of safety, for example, will be equal 
to the difference between the load factor 
the helicopter is designed for, and the 
load factor the helicopter is sustaining 
at that given moment. For any specific heli- 4 
copter, t the weight limitations are based 
*on the basic operating weight as determined 
by structurfLl engineers and flight test 
data . The helicopter pilot should make cer- 
tain that he thoroughly understands the 
weight limitations before flight. The fact 
that a helicopter can take off with a heavy 
load is no assurance of a safe flight. 



WEIGHT AND BALANCE 



The permissible center-of -gravity (CG) 
travel is' vjsry critical in many helicopters. 
In fact, some helicopters have only a 4- 
inch maximum travel. If a helicopter- is 
improperly loaded, not qnly does the fuse- 
lage, tilt off .the horizontal, but the rotor 
mast which is attached to the fuselage tilts 
the entire rotor system. The cyclic, stick 
itrolj the amount and direction of tilt 
rotor system, but the travel on the 
cyclic control stick is limited* 

The amount of back-stick the * pilot 
can apply to the cyclic control to level 
the rotor system is limited by the manner 
in which the helicopter is rigged. If the 
helicopter ij dangerously nose-low, the pi- 
lot may find that when he pulls the cyclic' 
control back as far as it will go, the 
helicopter's attitude remains nose-ldw, and 
the rotor system still tilts forward. The 
pilot cannot slow the helicopter, nor can he 
1 raise the nose to land* Needless to say, he 
then finds himself in a dangerous predica- 
ment. (See figure 23.) 

In newer helicopter designs, efforts 
have been made to locate the loading com- 
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Figure 23. - Excessive loading forward of 
center of gravity causes dangerous nose- 
/ ■ low attitude. 
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partraent directly under the rotor shaft 
to minimize OG travel. For the same reason, 
the fuel supply may be located at or near 
the balance point, which is normally at 
the main rotor shaft. Howevep? the fact 
remains that* the pilot must/ at all times 
balance his load so as to' remain within 
CG travel limits*. He, should be well informed 
as to the 00 travel limits of his particu- 
lar helicopter' and should exercise great 
care in taking on loads. 

Here again, we can refer to the tandeni 
rotor-type helicopters. The wide center of 
gravity range is an advantage over the 
single-rotor helicopter. 



.STALLS 



' Stalling, 
aircraft, will 



as applied to a fixed-wing 
_ not occur in a helicopter. 
However, .a power settling may occur in low- 
speed flight, and blade stall may occur 
in high-speed flight. 



POWER SETTLING 

Power settling is the uncontrollable 
loss of altitude. This condition is aggrava- 
ted by heavy gross weight, unfavorable den- 
sity conditions, low forward speed, or oper- 
ating with reduced power. When the rate 
of descent approaches 200 feet per minute 



with an airspeed of 10-15 knots, roughness 
and partial loss of control may occur. At 
this rate of descent and low airspeed, the 
downwash from the rotor begins to recircu- 
> late - up, around, and back down through 
the effective outer rim of the rotor disc. 
The velocity of this recirculating mass 
of air may become so high that full high- 
collective pitch will not produce suffici- 
ent lift" to retard or control the rate of' 
descent. (See figure 24.) 

To recover from this condition, in- 
crease forward speed and reduce pitch. An 
altitude loss of 400' to 700 feet may occur 
before the condition is recognized and re- 
covery is complete . During approach for 
landings, and descent or takeoff above con- 
gested areas, the pilot should avoid the 
conditions causing power settling. 



BLADE STALL 

A flight characteristic that has caused 
a number of helicopter accidents is the 
blade stall or blade 'tip stall. The stall 
usually occurs at th«f tip of the retreating 
blade due to high angle of attack and slow 
airspeed- of the retreating blade. The stal- 
led blade sections are localized and exist 
throughout only a" small portion of the rotor 
disc, as shown in figure 25. 

During flight conditions with high val- 
ues of forward speed, gross weight, and 
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Figure 24. 



- Power settling. 
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9 Figure 25. 

altitude , the retreating blade has an exces- 
sive angle of attack and low airspeed. These 
conditions aggravate blade stall. Mild blade 
"stall will cause a roughness in both the 
helicopter and flight controls. Severe blade 
stall will cause an abrupt pitch-up of the 
nose of the helicopter. Although the re- 
treating blades stall on the pilot's left, 
the loss of lift is manifested at a point 
90° later, causing the tip-path plane to 
tilt downward toward the rear. The uncon- 
trolled pitch-up will last only for a very 
short period as full control is restored 
automatically when airspeed decreases in the 
nose-high attitude and the excessively high 
angle of attack no longer exists. (See 
figure 25.) 

When blade stall occurs , the controll- 
ability of the helicopter will diminish. 
If such vibrations and control kicks are 
noticed, the pilot may easily eliminate 
the stall by accomplishing any ' one or a 
combination of the following: 



- Blade stall. 
WEATHER 



1. Reduce collective pitch 

2. Increase rotor rpm 

3. Decrease severity of the maneuver 

4. Gradually decrease air speed 

In general, it can be stated that blade 
stall occurs when the rotor is excessively 
loaded. Turbulence 'can also cause blade 
stall due to sudden high blade loading. 
The general rule for the elimination of 
blade stall once it is suspected is to un- 
load the rotor. 



The flight characteristics of a heli- 
copter are noticeably affected by the exist- 
ing density conditions. For example, at 
sea level on -a cool 'day the average heli- 
copter demonstrates ample power and lift. 
However, on a very hot day at sea level 
the same helicopter is apt to be underpower- 
ed, and flight may become critical because 
of the less dense air conditions. The alert 
helicopter pilot shrewdly evaluates the ex- 
isting density conditions, for experience 
has taught him to alter technique for land- 
ing, take-off, or autorotation, if such an 
emergency should arise! 

Variation in density conditions will 
not only affect the efficiency of the main 
rotor blades as they bite into the air, 
but engine efficiency also will be altered. 
As the fuel-air ratio varies, so will the 
available engine power. 

The air surrounding the earth extends 
upward for about 500* miles. The air at sea 
level is subject to pressure due to the 
weight of air above It. Air at sea level 
is subject to a pressure of 14.7 pounds 
per square inch and has a density corres- 
ponding to that pressure. 

The air at an altitude of one mile 
above sea level has a pressure of 12.1 
pounds per square inch, and the pressure 
at a * two-mile altitude is 9.9 pounds per 
square inch. The higher the altitude, the 
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lover the pressure and, consequently, the 
less the density. Altitude is an important 
factor affecting density, but it is not 
the only factor. 

Another major factor af fee tins density 
is temperature. Charles 1 lav states that 
the density of any fas will vary inversely 
with the temperature. As air -becomes warm, 
if expands; and as it expands, it becomes 
thinner because there are fever particles 
(molecules) per cubic foot. Therefore, on' 
a varm day the air will be less dense than 
on a cold day. A definite relationship ex- 
ists between density and helicopter flight 
efficiency. 

Standard air is designated as air at 
59 # F. sea level conditions (29.92" HgJ. 



In general, the density of air will decrease^ 
equivalent to 1,000 feet of altitude for 
each 15° rise in temperature. The presence 
of moisture in the air will also decrease 
density, as saturated moist air weighs ap-^ 
proximately 5/8 as much as pure, dry air. 
However, the presence of moisture in the 
average climate is not too significant. 

Remember that wind is a great help 
in helicopter flight and may compensate 
' for the loss of efficiency caused by den- 
sity. The pilot should consider all the 
factors affecting operation, as each has 
a direct bearing on the performance of the 
helicopter. Only by careful analysis can 
the pilot obtain the maximum functional 
capacity from his helicopter. 
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REVIEW 



The preceding material should have helped you gain a better 
understanding of helicopter flight* We discussed dissynmetry of lift, 
effects of resonance, weight limitations, blade stalls, and weather. 

(Now answer the following review questions.) 



10. On a single-rotor helicopter, a cor- 
rection for dissymmetry ot lift is to re- 
duce the effective lift area of the advanc- 
ing blades* 



A. 
B. 



True 
False 



11. The possibility of ground resonance 
is GREATEST during which helicopter con- 



j&tion? 



A. 
B. 
C. 
D. 



Takeoff 
landing 
Hovering 
Taxing 



12. What will be the effect on a single- 
rotor helicopter if an excessive' amount 
ot weight is placed aft of the center of 
gravity? 



10. -A This is done by incorporating 
a flapping hinge in- the rotor 
head. (Refer to page 16) 



11. -B Ground resonance develops 

when one wheel of the main 
landing gear hits the ground 
and then the other wheel hits. 
The racking motion will continue 
until some force breaks "the 
beat. (Refer to page 16) 

12. -B (Refer to page 18) 



A. Aft cyclic range, will be insuffi- 
cient to level the helicopter 

B. Forward cyclic range will be in- 
sufficient to level the helicopter 

C. Tail rotor control will be lost 

D. Main rotor control will be lost 

13. Under which flight conditions are heli- 
copter blade stalls MOST likely to occur? 

A. High forward ' speed, low angle of 
attack, and low gross .weights 

B. Excessive retreating blade speed 
and high gross weights 

C. High gross weights, high altitude, 
and high forward speed 

D. Low anglg of attach, and excessive 
retreating blade speeds 



14. Helicopter 
MORE lift on a 



rotor blades 



will produce 
_day. 



A. 
B. 
C. 
D. 



cool - dry 
hot - damp 
cool - damp 
hot - dry 



13. -C 



14. -A 



Blade stall is a loss of 
lift on the retreating blade. 
(Refer to pages 19 and 20) * 



On a warm day, the air is 
thinner and the blades will 
produce less lift. (Refer 
to pages 20 and 21) 
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HH-3F GENERAL DESCRIPTION 



OBJECTIVES t 

When you complete this section, you will be able to: 

i 

1. Describe the dimensions of the HH-3F. 

2. Identify the fuselage components, and state their locations. 

3. Identify the various fuselage compartments and explain their 
use. 

4. Describe the cabin equipment used in the HH-3F. 



GENERAL 

USCG model . HH-3F helicopters (figure 
26) are twin engine, search/rescue and car- 
go/personnel transport helicopters, designed 
and manufactured by Sikorsky Aircraft, Divi- 
sion of United Aircraft Corporation, Strat- 
ford, Connecticut. The crew consists of 
a' pilot, copilot, flight mechanic, and avi- 
onicsman. The helicopters /are capable of 
water landings and takeoff s and have aux- 
iliary flotation for emergency landings. 
Distinguishing features include a hull- 
shaped fuselage, Into which the nose gear 
retracts (kneels), and sponsons, into which 
the main landing gear retracts. 

On HH-3F helicopters, two General Elec- 
tric model T58-GE-5 gas turbine engines 
are used and mounted side-by-side above 
the fuselage forward of the main gear box. 
In addition to the engines, a fixed hori- 
zontal stabilizer is installed on the upper 
right side of the pylon, and an auxiliary 
power unit (APU) is mount ad on the aft 
transmission deck • The APU is connected 
to the main gear box accessory drive and 
provides auxiliary power to run gear box 
accessories. Flight configuration is a five- 
blade main rotor and a five-blade tail ro- 
tor. Forward, aft, lateral, and vertical 
flight is accomplished through the main 
rotor, while the tail rotor counteracts 
torque from the main rotor and provides 
directional control. Power to drive the 
main' rotor is supplied through the main 
gear box. The tail rotor is driven through 
shafting which extends aft from the main 
gear box, through the j intermediate gear 
box, and terminates at the tail gear box. 

Three separate hydraulic systems are 
used in the helicopter. The primary and 



auxiliary hudraulic systems are used in 
conjunction with the mechanical linkage of 
the flight controls. The auxiliary hydraulic 
system is also used in conjunction with the 
automatic flight control system (AfCS). The 
utility hydraulic system provides power for 
the retractable main landing gear, nose 
landing gear, APU starting, ramp system, and 
rescue hoist. 

Principal dimensions of the helicopter 
are shown in table 1 and figure 28. Weights 
of principal helicopter components are list- 
ed in table 2. Stations and waterlines pro- 
vide an accurate method of locating or in- 
stalling equipment in the airframe. Heli- 
copter length is divided into stations, 
located one inch apart, beginning with sta- 
tion 42.5 at the nose of the helicopter. 
Station 21.7 is at the tip of the radome. 
Helicopter height is divided into water- 
lilies, located one inch apart, beginning 
106 inches below and parallel to the cabin 
floor. (See figure 27.) 



FUSELAGE FORWARD SECTION 



This section includes the electronics , 
battery, engine, and transmission compart- 
ments, main rotor fairing, engine and trans- 
mission service platforms, , sponsons, and 



cockpit and cabin. 



NOSE DOOR 



The watertight nose door (figure 29) 
is in the nose of the lower fuselage. When 
the door is closed, a lock engages a funnel 
mouthed lock tube inside the electronics 



25 



ERLC 



* ')r 



is 





Figure 26. - Model HH-3F helicopter. 



compartment. The Igpk tube, secured to the 
center overhead "Structure, is stowed up 
out of the .way for access to the electron-, 
ics compartment. A micro switch, attached 
to the lock tubes, contacts the door. Open- 
ing the door causes the mlcroswitch to ac- 
tuate a warning light on the caution/advi- 
sory panel in the cockpit. 



ELECTRONICS COMPARTMENT 



compartment under the 
shelves of various depths 



The electronics 
cockpit contains 

and spacing to accommodate AFCS and naviga- 
tion equipment. The compartment also con- 
tains flight controls, wheel brake -compo- 




Figure 27. - Stations and water lines. 
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Tabla 1.- Principal Dimension* Tabia. 



HELICOPTER DIMENSIONS 



Langth - Maximum (Bladaa at 
Extrama Position) 

Langth - Minimum (Bladaa 
Ramorad) 

Halght - Maximum (Tall Rotor 
Bladaa at fixtrfcma PoaiUoa) 

Width - Maximum * 

Width - Minimum (Bladaa 

, Ramorad with Flotation Oaar) 

Main RotorOround Ctaaranoa - 
Minimum (Bladaa Statlo-, Noaa-; 
whaal Extandad) 

Main Rotor OroundXJlaaranoa - 
Minimum (Bladaa Routing - 
Noaawhaal ^toaalad) 

Main Rotpr 0 round Ctaaranoa 
Minimum (Bladaa fltatlo - 
Noaawhaal Knaalad) 

Tall Rotor 0 round qiaarinoa 
Minimum (Bladaa Routing or 
Statlo) 

Tall Rotor Qrousd Ctaaranoa - ; 
Minimum (Bladaa Statlo or 
Rotating - Noaawhaal Knaalad) 

Main Landtag Oaar Traad; , 

Cabin Laagth 

Cabin Width 

Ca^in Halght 



1 4 

73 It 

f 

09 ft 1 In, 

18 ft 1 In. 

62 ft 9 Ip. 
17 ft B In. 

10 ft 1 In. 

ltT ft 0 In* 

7 ft i In. 

7ft9lnJ 

9 ft U In. 

IS ft 4 In. 
34 ft 6 In. 
9 ft I lib 
• Hi In. 



MAIN ROTOR BLADS DIMENSIONS 

•a ft 0 In. 
1019 aq ft 
S9.9 aq ft 
• 



Main Rotor DUmatar 
Main Rotor Dlao Ana 
Individual Blada Am 
Numbar of Bladaa 
Total Blada Araa 
Solidity Ratio 
Alfffoll 

Walgfat laofc - Standard 

Walght faob - Da-lotaf Tapa 
' (Polytthylaoa) 

Blada Chord at Root 

Blada Chord at Tip 



Blada Thloknaaa 


12% at 30% 




Chord 


Blada Twlat 


8 bagraaa I 


TAIL ROTOR BLADE DIMENSIONS 


Tall Rotor Diamatar 


10 ft 4 In. v 


Tall Rotor Dlao Araa 


* 83.9 aq ft 


•Individual Blada Araa 


3.3/Jaqlt 


Numbar of Bladta 


0 «. - 'i 


* 

Total Blada Araa 


11.78 aq ft 


Solidity Ratio 


0.18J 


Airfoil 


NACA 001? 


Blada Qhdrd at Root 


7.34 in. 


Blada Chord at Tip 


7.34 ta. 


Blada Thloknaaa 


13% at 30% 




Chord 


Blada Twlat 


0 Dagraa 



STABILIZER DIMENSIONS 



Total Araa 


37 aqft 


Tapar Ratio 


0.406 


ToUl Angular Moramaot 


0 Dagraa 


Airfoil at Root (BL 0 to BL 11) 


' NACA 0016 


Airfoil at Tip (BL 11 to TIP) 


NACA 0018 


Aapaot Ratio 


9.13 


Numbar 


1 


Spaa 1 


3frAn. 


Chord at Root 


4d.8 in. 


Chord at Tip"" 


4 31.1 In. 


Qlhadral 


3 Dagraa 



199.8 aq ft 

0.M146 
NKOA 0013 
307.80 
308.80 

18.36 la. 
18.28 In. 



HYDROSTATICS 

Hull Buoyancy 

Sponaoo Buoyaady - laoh 

ToUl Buoyancy 

Auxiliary Float Buoyancy - laoh 
Draft - fcmpty Walght 

Draft - Normal Oroaa Walght 

Draft - Maximum Orarload 
Oroaa Walght 



38470 1b 
4797 tb 
30064 tb 

32^ lb 

14 In. at 
11346 lb* 

30 In. at 
1980Q tb 

33 In. at 
33004 tb 





Table • 


Principal Components Weight Table. 






COMPONENT / 


WEIGHT 


EACH 


COMPONENT 


WEIGHT 


EACH 


Main Rotor Blade 


207.8 


* lbs ' 


Aft Ramp 


a 

175 


lbs 


Tail Rotor, Blade 0 
alaui Rotor Head 


6.25 
" 1000. f 


> 1 ■ 
lbs ' 

'i 

lbs 


Demountable Power Plant 
(T58-GE-5) 


0 

440 


lbs 


Main Rotor Head (Titanium * 985 
Plate) 


lbs 

i 


Sponson (with Landing Gear) 
Main Landing Gear 


165 


Ihs 

IUO 

lbs 


Swaahplate M * 


iio 

* 


lbs 


Main Wheel and Tire 


20 


Ibp \ 


Tail Rotor Htfad « . V 


90" 


lbs 


ifose Landing Gear 


140 


lbs 


Main Gear Box 


. 1700 


lbs 

i ■ 


Auxiliary Power n Unit (APU) 


95 


lbs 


Main Gear Bcfcc QCU / 
Intermediate Gear Box 


3280 
40 


Ibk 

i 

- lbs 


Heater (with Blower and 
. Ignition Unit) 

*• p 




lbs 


Tail Gear Box 


76^ 


lbs 


Pylon (Assembled) 


* 350 


lbs 


Oil Cooler and Blower 


.52 


lbs 


Stabilizer and Strut 


65 f> 


• lbs 


Forward Ramp 


165 


lbs* 


: Rescue Hoist 


49 '• 


lbs 



nents, emergency release cables, and other 
equipment necessary to operate and control 
the Helicopter* Access is gained by opening 
the watertight nose door or by lifting out 
the access coyer in the cockpit. 



Battery Compartment 



compressing a rubber • door seal. The door 
is 'held iri position 5^ fasteners . /A con- 
trollable spotlight is installed 4n the 
door. 

ENGINE AND TRANSMISSION COMPARTMENT StRUC^ 
TURE AND FAIRINGS 



The battery compartment jln w the nose 
of the 1 helicopter is a molded fiberglass 
shell containing -battery shelf, mounting 
rods, clamps, and the battery quick-discon- 
nect plug. The compartment is vented to 
prevent acid fumes* from entering the cock- 
pit* A rubber seal is incorporated on the 
outer ^flange of the battery compartment 
to ensure a watertight seal when the'com- 
partment door' is closed* % * 



4 Battery Compartment Door 



The battery compartment door is on 
the nose "of the helicbpter. When closed, 
it renders the compartment watertight by 



The engirie and transmission compart-^^ 
ment structure (figure 30) and fairings -N 
include the firewalls, engine service plat- » 
forms, rear engine cowlings, right and left 
transmission service platforms, forward en- 
gine • cowling, right and left main rotor 
fairings, aft main rotor fairings and when 
required, an engine inlet icp shield forward 
of the, engine ''inlets. The fairings reduce 
air turbulence and prevent moisture and dirt 
from entering the area, The engine inlet ice 
shield prevents foreign objects from enter*- 
the engine inlets* / i ^ 



Engine Service Platforms 
\ 

» * 

AnN^ngine service platform (figure 29), 
outboard of each engine, provides a work 
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area with a capacity of two men each, 
and ^ links support each platform when 
open position. The latch and^hamlle me 
nisms and part of the fire detection system 
are on,the platform. When the platforms are 




Engine Compartments 



The engine compartments (figure 30), 
"above and slightly aft of the cockpit, are 



in thtf closed p;;^ion7\he7fom the fi*se- formed by the center ^ewall, a canted 
lage surface over the engine compartments. firewall, engine service platforas {in the 
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1 No. 2 Engine 
. Ait .Cowling 

2 Right Section, Main 
Rotor Fairing 

3 Access Panel 

4 Transmission Service 
Platform 

5 Access Door 

6 Inspection Door 

7 Access Door 

8 Access Panel 

9 Access Panel 
10 Screen 



1 1 Inspection Door , 

12 Access Door 

13 Access Door 

14 .APU Cowling 

15 Aft Structure 

16 Access Panel , 

17 Left Section, Main 
ftotor Fairing * 1 

18 Access Door 

19 No. 1 Engine Aft 
Cowling 

20 Transmission Service 
* Platform 



21 No. 1 Engine Service 
Platform 

22 Fitting 

23 Bolt, Washer, Nut 

24 Forward Engine 
Cowling 

25 No. 2 Engine Service 
Platform 

26 Channel 

27 Engine Inlet 
Ice Shield 

28 Screw. 



Figure 30, - Engine -and transmission compartment structure and fairing. 



closed position), and an^ft engine cowling. 
The canted firewall separates the two engine 
compartments, from the transmission compart- 
ment. The center firewall separates the 
two engine compartments from each other 
and contains t one large opening fitted with 
a removable cover. The opening permits ac- 
cess to disconnect plugs , throttle linkage, 
and the power turbine tachometer-generator 
of the No. 2 engine. In each engine compart- 
ment, overboard drain lines are incorporated 
for fuel, lubrication, and water condensa- 



tion. Access to the engine compartments 
is gained by hinging down the engine service 
platforms and removing the aft engine cowl- 
ings. ^ 

* i 
Engine Cowlings 



The aft engine cowling (figure 30, 
items 1 and 19) is a heat-resistant remov- 
able covering made of titanium. The forward 
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engine cowling is a removable covering made 
of fiberglass. The aft engine cowling is 
rfemoved for engine maintenance. The forward 
.engine cowling ("T" cowl) * can be removed 
only; when the engine inlet ice shield is 
removed* The cowlings are secured by fast- 
eners • 

Firewalls 



A center firewall'' (figure 30), sepa- 
rates the engine compartments, and a canted 
firewall separates each engine compartment 
from the transmission compartment. Fabrica- 
ted of heat-resistant titanium, they also 
act as supports for the /cowlings and engine 
service platforms. The firewall, separating 
the engine compartments, has an opening 
fitted with a removably titanium cover. 
The qpening permits access to disconnect 
plugs, throttle linkage, and power, turbine 
tachometer-generator on the No. 2 engine. 
The canted firewalls incorporate special 
seals encircling the engine shaft support 
to prevent^ firtf seeping through the fire- 
walls. r „ 



Transmission service platforms 

A transmission service platform (figure 
30 item 4), below ^and outboard on both 
sides of the main gear box, provides "a work 
area with a capacity of two men each. Each 
transmission service platform has a securing 
"mechanism and is supported by cord and cable 
assemblies. The securing mechanism consists 
of a thumb latch, spring-loaded handle, 
tube, and latches. When the platforms are 
in the closed position, they form part of 
the main' rotor fairing. 

Main Rotor Fairing^ 

The main rotor fairing (figure 30, 
items 2 and 17) protects transmission com- 
partment components from weather and foreign 
matter. Its configuration is designed to 
reduce air turbulence. Housed within the 
fairing are the main gear box, primary hy- 
draulic system pressure transmitter, genera- 
' tors, lateral and fpre-and-aft servocylin- 
dertf and the primary, auxiliary, and utility 
hydraulic system * pumps and associated val- 
ves, tubing, and connectors. The transmis- 
sion service platforms and the two access 



panels allow limited maintenance operations 
within the transmission compartment. For 
such operations as removing the main gear 
box, the complete main rotor fairing must 
be removed. 

Aft Main Rotor Fkiring 

The aft main rotor fairing (figure 
30, item 15) serves as a protective housing 
against weather and foreign matter for the 
main * gear box Q*l cooler, primary, auxil- 
iary, and utility reservoirs, utility and 
auxiliary pressure transmitters, fire ex- 
tinguisher bottles, and associated valves, 
tubing, connectors, and wiring housed within 
the fairing. A group of access panels per- 
mit s servicing, repairs* v or replacement 
within the aft main rotor fairing. Stream- 
line configuration of the fairing reduces 
air turbulence. 



Auxiliary Power Unit (APU) Service Platform 

An APU service platform (figure 29), 
below and outboard of the APU, provides 
$ Work area with one man capacity. The plat- 
form latches at the top and has two hinges 
at the bottom. When unlatched and lowered 
for use, the platform is supported by two 
cables^ When closed, the platform' forms 
-a flush fitting contour with the helicopter 
fuselage. The APU service platform may be 
removed by disconnecting cables and remov- 
ing hinge pins. 



Transmission Compartment 

The transmission compartment, aft of 
the engine compartment, houses the main 
gear box and other components and electrical 
units. The main rotor fairings protect these 
components from weather and foreign matter. 
Access to the transmission compartment is 
gained from the right or left transmission 
service platform and from the cabin when 
the main gear box drip pan is removed. 



Engine Inlet Ice Shield 



Provisiorts/^xist for mounting an engine 
inlet ice shield (figure 30, item 27) for- 
ward of the engine inlets to prlvent objects 
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^fa*om being ingested into the engines. The 
ice shield codsists of a plastic skin bonded 
ta an aluminum angle frame, which is screwed 
to the fuselage* 



SPONSON 



bottom structure contains the electronics 
compartment, fuel cells, fuel selector val- 
ves, and interconnecting fuel lines. Fiber- 
glass liners "are provided to protect fuel 
cells from damage. ~ The bottom structure 
skeleton is covered with plating which is 
sealed and riveted to form a watertight 
unit. 



Watertight sponsons (figure 31, item 
I), on both sides of the helicopter, support 
the main landing gear and provide stability 
to the helicopter while in the water. On 
the outboard side of each . sponson is an 
auxiliary flotation y bag, and in the left- 
hand sponson are two auxiliary flotation 
air- cylinders. Each sponson has drains and 
access covers for draining and inspection 
of bilges and fairings for servicing the 
main landing gear and hover lights. The 
auxiliary flotation system is actuated man- 
ually inside the cabin and from overhead 
the copilot's seat. 



CABIN FLOORING 



The floor surfaces include removable 
floor* panels. All flooring is constructed 
of two aluminum sheets with honeycomb core. 
Circular access covers are mounted- over 
the fuel cells. Other access covers and 
panels are provided for components below 
the cabin flooring. _ 



FUEL CELL' LINERS 




A IATTERY COmPARTmEnT 

I COCKPIT 

C EIECTROnKS COMPARTMENT 

D AFCS COmPARTmEnT 

E EN&INl COMMITMENT * 

f TRANSMISSION A NO AUXHlARV 
POWER UNIT COMPARTMENTS 
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K HEATER COMPARTMENT 

I PYlON 



Figure 31. - Fuselage compartments. 



FLIGHT CONTROLS COMPARTMENT 

The flight controls compartment (figure 
31), aft of the pilot's seat in the forward 
portion of the cabin, houses part of the 
flight controls system, the auxiliary servo- 
cylinder, mixer unit, and mechanical link- 
age. Access to the compartment is gained 
through a door on the cabin side of the 
compartment. 

V 

* o 

BOTTOM STRUCTURE v 



Fiberglass fuel cell liners prevent 
the' fuel cells f rom \chaf ing xfn the helicop- 
ter structure. Each cel3//is protected on 
the bottom by two preformed liners which 
fit " the contour of the helicopter bottom 
structure. In addition, a liner is secured 
to the aft side of the bulkhead, dividing 
the forward fuel cells, and another liner 
is secured to the forward side of the bulk- 
head, dividing the aft fuel cells. 

n 

FUSELAGE AFT SECTION 



The bottom structure extends the length The 
of the fuselage, ending at the ramp. The item J) 



fuselage aft section (figure 31, 
serves to extend the airframe and 
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support the pylon. The pylon is joined to 
the .aft section and is removable. 



PYLON 



The pylon (figure 31, item L) supports 
the intermediate gear box, section H of 
the tail drive shaft, tail gear box, tail 
rotor and associated controls, position and 
rotating beacon anti-collision lights, and 
the stabilizer.. It is secured to the fuse- 
lage aft section. The trailing edge is 
streamlined by removable fairings which 
house the intermediate gear box, section IX 
of the tail drive 'shaft, and the tail rotor 
control system. The top. is covered by a 
removable fiberglass fairing, which houses 
the tail gear box and supports the rotating 
beacon anti-collision light. Four retract- 
able steps are on the left *side and two on 
the right side. Thfe step may be extended by 
pushing in, turning counterclockwise, and 
pulling outward. A spring holds the step in 
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the extended position. When retracted, the 
step is held in position by a pin which is 
- turned into a locking slot. 



STABILIZER AND STRUT 



- The stabilizer (figure 32, item l), 
installdj*" on the pylon, is a fixed, hori- 
zontal airfoil which provides logitudinal 
stability. It is composed bf ribs, 1 bracket, 
angles, beams, aluminum alloy skin, and 
a fiberglass tip. It is bolted to and sup- 
ported vertically by the strut and bolted 
at fittings at the .root end^and upper pylon. 



CABIN EQUIPMENT 



f The . cabin (figure 34) located from- 
station 137.0 to station 379.5 is capable 
of ■ carrying cargo, personnel, litters, and. 
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Figure 33, - Tiedown fittings, location. 



wheeled vehicles. The impact and wear-resis- 
tant cabin floor ^has a positive non-skid 
surface for personnel footing, and skid 
strips to facilitate the movement of cargo 
and provide floor protection. The cabin 
floor is divided into six sections and capa- 
ble of sustaining static loads of 200 pounds 
per square foot. Tiedown fittings, rated 
at 2,500 pounds, are installed on the cabin 
floor to facilitate cargo tiedown, and are 
provided with fittings that serve as troop- 
seat and litter attachment points. The cabin 
contains a personnel door and a ramp, both 
of which may be used for loading personnel 
and cargo. When loading the helicopter, 
re,fer to T.O.' 1-1B-40, Handbook of Weight 
and Balance Data. 

CARGO LOADING STATIONS 

» •% 
The cabin is divided into marked eg 
stations .between fuselage stations 150 and 



3 75 . Cargo loading scale s , co rre spending 
to these marked stations, are provided on 
the load adjuster. The eg loading stations 
are marked at eye level for easy reference. 



CABIN FLOOR 



The cabin floor, made up of 1-inch- 
thick honeycomb floor panels, is supported 
by transverse bulkheads and beams. Jhe cabin 
floor is approximately 310.5 inches long 
and 76 inches wide. The forward ramp forms 
the last 68 inches of horizontal floor. 
The floor has a positive "non-skid surface. 
Three rows of low friction longitudinal 
skid strips are installed 'on top o of the 
cabin floor to provide floor protection 
and facilitate cargo handling. The cabin 
floor area* is designed to support a maximum 
load of 200 pounds per square foot; however, 
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higher weights may be carried if shoring 
is used to distribute the weight over a 
larger area. 



TIEDOWN FITTINGS 



The type of tiedown fitting (figure 
33) used is the combination cargo restraint 
and lug for * troop seat and litter floor 
attachments. The recessed tiedown fittings 
have a 2,500-pound restraint capability. 
The 2,500-pound tiedown fittings are used 
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to secure cargo, litter support straps, 
troop seat legs, and the crewman's safety 
harness. 



TIEDOWN DEVICES 



Various typos of tiedown devices nay 
be used for securing cargo. One type is 
a turnbuckle arrangement for tightening the 
tiedown chains; another is a webbed type 
strap with hooks for attaching to tiedown 
fittings. 
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REVIEW 



III this section, the description of the HH-OF helicopter will help 
you in completing pre/lights, postflights, and successful SAR missions: 

(Nov answer the following review questions.) 



15. What are some 
HH-3F helicopter? 



of the features of the 



1. 

2. 
3. 



4. 

5. 



Retractable nose lan d-in^ gear 
five-blade tail rotor ' 
A utility hydraulic system used 
to provide power for an automatic 
flight control system 
An auxiliary power unit for driv- 
ing the gear box accessories 
Three separate hydraulic systems 



15. -C The utility system supplies 
hydraulic power to the ramp, 
hoist, and landing gear, 
t (Refer to page 25) 



A. 1, 2j and 3 only 

B. 3, 4, and 5 only 
C 1, 2, 4, and 5 
D. 1, 2, 3, and 4 



16. What is the. m-tn-tim»m tail rotor ground 
clearance when the blades are rotating? 



16. -D (Refer to page 29) 



A. 
B. 
C. 
D. 



6 ft. 3 in. 

6 ff. 6 in. 

7 ft. 4 in. 
7 ft. 9 in. 



17. Access to the electronics compartment 
is gained by . 

o 

A. going through the deck opening 
* in the cabin 

B. removing the plate on the fuselage 

C. opening the nose door * 

D. walking aft in the cabin 

18. Damage has occurred to the forward 
engine cowling of an HH-3F helicopter. To 
remove this piece of cowling for repair, 
what else must you remove? 

A. Main rotor cowling 

B. Aft engine cowling 

C. Engine inlet ice shield ^ 

D. Number one engine 



17. -C (Refer to page 25)' 



18. -C (Refer to page 33) 
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19. The right-hand sponsor is equipped with 19. -C The auxiliary flotation air cylin- 
which of the following? $*) ders are in the left-hand sponson. 

^ (Refer to page 34) 

1. Drain ports 

2. Hover light 

3. Bilge access covers 

4. Auxiliary flotation air cy- 
linders 

A. 2 and 4 only 

B. 3 and 4 only 

C 1, 2, and 3 only 
D. 1, 2, 3, and 4 

20, How is the auxiliary flotation sys- 20. -A The handles in the cabin over- 
tern actuated? head are actuated. (Refer to 

page 34) i 

A. Manually * \ 

B. Electrically < - ?■ 
Q. Hydraulically 

D." Electromtechanically 

21. The fuel cells are prevented from chaf- 21. -B (Refer to page 34) 
ing on the helicopter structure by 

fuel cell liners. 

A, rubber 

B. fib*Pglass 

C. plastic 

D, Bal^elite 

22, The cabin floor iS designed to sustain 22. -A (Refer to page 3^) 
static loads of pounds per square „>-■ 
foot. 

A. 200 

B. 400 

C. 2,000 1 ? 

D. 2,500 
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ELECTRICAL POWER 



OBJECTIVES 

*• ■ 

When you complete this section, you will be able to: 

1. Describe the HH-3F electrical supply systems, AC and DC. 

2. Identify the AC power supply system components and explain 
their use. 

3. Identify the DC power supply system components and explain 
their use . 

4. Summarize the external power supply system. 

5. Identify the lighting equipment used on ^the HH-3F and explain 
its use. ' 



ELECTRICAL POWER SUPPLY SYSTEM Generators 



Two brushless generators supply 115/200 
volt, three phase , 400-Hertz AC power to 
the electrical system. Three transformers 
provide 26-volt single-phase AC power. Both 
generators also supply 28-volt DC power 
to the electrical system control circuits. 
Two converters provide 28-volt DC control 
and operating power. One battery supplies 
24-volt JiC power. 



ALTERNATING CURRENT POWER SUPPLY SYSTEM 

AC power ij supplied by two generators 
designated as No. 1 and No. 2. Associated 
system components are designated in a simi- 
lar manner. System operation is automatic; 
control switches on the overhead switch 
panel and monitoring caution-advisory light 
capsules on the taution-advisory panel are 
provided. Normally, associated primary and 
monitored bus A loads are assumed by each 
, generator. Primary bus loads are those that 
are essentia}, for night instrument flight, 
and monitor bus loads are* not essential 
for this type of flight. If either generator 
fails, its primary bus load is automati- 
cally transferred to the remaining genera- * 
tor. With a failed generator, all monitor 
bus loads are automatically dropped. An 
AC external power receptacle permits use 
of an AC external power unit for ground 
power application. 



Two 115/200-volt, 3-phase, 400-Hertz, 
PMG, * AC generators are mounted on and are 
driven by the 9 accessory section of the main 
gear box. Generator output varies with /tem- 
perature and altitude (approximately 20 KVA 
at sea level to 25 . KVA at 15,000 feet 
altitude). Generator AC voltage is delivered 
to the associated supervisory panel and 
generator contactor relay. The permanent 
magnet, sections of the generators alsb de- 
velop*' DC power \o be used in the control 
circuits. This DC power is delivered to the 
associated, supervisory panel. The auxiliary 
power unit (APU) drives the* generators 
through' the main gear box accessory section 
when the rotor rpra is below 100% N r . When - 
the rotor speed reaches 100% N r , the acces- 
sory section is driven through the main gear 
.box. 



- Supervisory Panels 



The supervisory panels designated No. 
1 and No. 2 provide -control for all AC re- 
lays and one DC relay a in the" electrical 
system. When the No. 1 generator is develop- 
ing normal AC power and the generator switch 
is placed ON, DC power from the same genera- 
tor will be used by the No. 1 supervisory 
panel to close the No. 1 generator contactor 
relay. Closing the No. 1 generator contactor 
relay permits the No. 1 generator to power 
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the No. 1 AC- primary bus arid to deliver 
28 volts DC to the AC nonltor but relay. 
In addition, closing the relay opens the 
No. 1 generator caution light circuit, caus- 
ing the light to go out. The No. 2 super- 
visory panel operate* the sane way to power 
the «No. 2 AC primary bus and to turn out 
the No .2 caution light-. DC power from the 
No. 2 supervisory panel also closes the 
AC monitor bus control relay, and the No. 
1 and No. 2, monitor bus contactor relays. 
Therefore, 28-volt DC power is ' required 
from both the No. 1 and No. 2 supervisory 
panels to energize the AC and DC monitor 
buses. If either generator fails to produce 
28 volts DC, the primary DC bus supplies 
backup B§ voltage to each supervisory panel 
through circuit breakers. The circuit break- 
ers, located on the overhead circuit breaker 
panel, are marked 1 and 2 under the general 
heading PMG BACKUP. % 

The supervisory panels provide protec- 
tion for the electrical system. AC power, 
delivered to the panel from its associated 
generator is monitored by the panel for open 
phase, overvoltage, .and undervoltage at all 
times. The panel monitors for underf requency 
when the helicopter is on the ground with 
its main landing gear struts compressed, 
activating the scissors switch. If any of 
the monitored cqnditions are not normal, the 
generator contactor relay will open, taking 
the associated generator off. the line, de- 
energising all monitor buses, and illuminat- 
ing the associated generator cautiph light. 
If the generator fails, primary AC bus loads 
will be switched automatically to the re- 
maining generator. % 

Generator Switches 

The generator switches are located on 
the overhead switch panel (figure 37) under 
the general heading 1 GEN 2 and have the 
marked positions ON-OFF RESET -TEST. Placing 
the switch >on the ON position puts the 
respective generator on the line by closing 
the generator contactor relAy. The OFF-RESET 
position turns the generator off and resets 
the cycle. The TEST position is used only 
for maintenance A 

Generator Caution Lights 

* 

Two generator caution lights, marked 
H GEN and #2 GEN respectively, are located 
on the caution-advisory panel. These lights 



will illuminate whenever the associated gen- 
erator is taken off the line by opening the 

* generator contactor relay, which causes the 
caution light circuit* to be completed. The 

* generator, caution lights are powered by the 
DC primary bus and are protected by circuit 
breakers on the overhead circuit breaker 
panel. The circuit breakers are marked No. 1 

\ and No. 2 under the general headings GENER- 
ATOR and INDICATOR LTS. 



Autotransf orders 



Three autotransformera in the AC sys- 
tem convert 113-volt power from the primary 
AC buses to 26 volts. Two of the autotrans- 
formers are powered by the No. 1 primary 
bus and are protected by circuit breakers 
in the copilot's overhead circuit breaker 
panel. The circuit breakers are marked 26V 
XMFR *nd RADIO XMFR 26V 0B under., the general 
heading No. 1 AC PRI. The autotransformer 
protected* by the circuit ^breaker marked 
26V XMFR supplies 26 volts AC to the co- 
pilot 's AN/ASN-50 compass, copilot's ID-250 
RMI card, primary hydraulic pressure gage, 
transmission oil pressure gage, and the No. 
1 engine torque sensoz* and oil pressure 
gages. The autotransformer protected by the 
circuit breaker marked RADIO XMFR 26V 0fi 
supplies 26 voltal AC to the pilot's AN/ASN- 
50 compass, pilot's ID-250 RMI card, both 
pilot's ID-250 pointers, AN/AYN-1, AN/APN- 
175, AN/ARN-73, AN/ARN-87 (NVA-22A), AN/ARN- 
52(V) and AN/ARA-25. The third autotransfor- 
mer is powered by the No. 2 primary bus and 
is protected by a circuit breaker on the 
pilot's overhead circuit breaker panel (fig- 
ure 3,5). The circuit breaker is marked 26V 
XMFR under the general heading No. 2 AC PRI. 
This autotransformer supplies 26. volts AC to 
operate the primary and utility hydraulic 
pressure gages and the No. 2 engine oil 
pressure and torque sfosor gages. 



AC Utility Power Receptacles 



Two 115-volt AC 400 Hertz utility re- 
ceptacles are provided. The receptacles re- 
ceive powerf from the No. 1 AC monitor bus 
through twi circuit breakers on the copi- 
lot's overhead circuit breaker panel. The 
circuit breakers are masbrif CABIN and XMSN 
under the general headings UT RECP and NO. 1 
AC MON. 
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Figure 33. - Pilot's overhead circuit breaker panel. 



Alternating Current Circuit Breakers 



Alternating current circuit breakers 
are located on the pilot's and copilot's 
overhead circuit breaker panels (figures 
35 and 36). 



DIRECT CURRENT POWER 
SUPPLY SYSTEM ' 



I / DC 
200-ampore 



power is supplied by two 28-volt, 
converters, designated as No. 
1 and" No. 2, which are powered by the No. 
1 and No. 2 AC primary buses respectively. 
The. DC system operation is automatic; con- 
trol switches and converter caution lights 
are provided. Noraally, primary^nd monitor 
bus loads are assumed by both converters. 
Primary bus loads are those loads essential 



for flight under night instrument condi- 
tions whereas monitor bus loads are those 
not essential for this type of flight. If 
one converter fails, the associated reverse 
current cutout relay will remove the failed 
converter from the DC primary bus. The re- 
maining converter will assume the DC pri- 
mary bus loads, and the DC monitored bus 
loads will be dropped. The battery can pro- 
vide power to the DC primary bus when no 
other source is available. The DC external 
power receptacle and associated circuitry 
permit use of an external poweiv unit for 
ground power application. 



Converters 

Two 200-ampere, 28-volt DC converters 
are located in' the electronics compartment. 
The converters require an AC in£ut 0 from 
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Figure^ 36; - Copilot \ s overheads circuit breaker panel. 



the generators or from an AC external power~ 
source. The two "converters are designated 
as *No. 1 and No. 2, and the associated com- 
ponents are designated in a similar manner. 
Both converters normally supply power to 
the DC primary bus . The DC primary bus sup- 
plies power to t}ie DC monitor bus. The No. 
I converter receives three-phase power from 
the No. 1 AC primary bus, and the No. 2 
converter receives three-phase power from 
the No. 2 AC primary* bus. The AC inpujb is 
stepped down, rectified, and filtered within 
each ' converter, and the DC output is fed 
to the associated reverse current cutout 
relay ; During normal operation, DC power 
from the reverse ^current cutout relay is 
fed! to the DC primaly bus. If either conver- 



ter or either AC generator fails, the moni- 
tor bus is automatically dropped from the 
line, and an appropriate caution- light will 
illuminate. The reverse current cutout relay 
prevents current flow from the DC primary 
bus to a failed converter. The DC monitor 
bus will be dropped from the line if jfche 
AC monitor bus relay is open..* The .DC monitor 
bus; relay must be closed for the titinitor 
bus to receive power. Power to close this 
relay comes from the DC primary bus and 
is rquted v through the Nb. 2 and the No. 
1 reverse current cutout relays. If either 
converter, either reverse current cutout 
relay, or either AC generator is inoperative, 
(or- if either c6nvertfcr , switch is OFF), 
the DC monitor bus will be dropped from 



the line. The No. 1' converter is protected 
•>by a circuit breaker on the copilot's over- 
head circuit breaker panel UiS^ e 3 J>>- 
The circuit breaker is marked No. I N- 
VERTER under the general heading No. 1 AC 
PRI. The ,No. 2 converter as protected by 
a circuit breaker oh the pilot's overhead 
circuit breaker panel. The circuit breaker 
is marked No. 2 CONVERTER under the general 
heading NO. "2 AC PRl\ _ 
Converter Switches 

TJie converter switches are located on 
the overhead switch panel under the general 
heading 1 CONVERTER 2 and marked Ofi and OFF. 

Converter Caution Lights 

Two converter caution ' lights, marked 
#1 CONV and #2 CONV, "are located on the 
caution-advisory panel. Failure of a conver- 
ter, or reverte ■ current cutout relay (or 
turning $ converter switch OFF) w a i r i llumi- 
nate the associated caution light. 

Battery \ 

A 24-volt, 22-ampere 'hour nickel fcad- 
mium battery, located in the nose section 
forward, of the pilot's compartment, is ac- 
cessible from outside the helicopter. Bat- 
, tery. power is used for limited ground opera- 
tions, when no external power itf available, 
and as an emergency source of power to the 
DC primary bus. The battery bus is continu- 
ally energized and provides power for the 
anchor lights. The battery bus is connected 
f to the DC primary > bus when the battery 
switch is ON.- 

BATTERY OVERTEMFEftATURE WARNING 
SYSTEM 

When a battery temperature of 135* (±5*)F 
H is detected by the battery over-temperature 
sensing unit, a BAT OVTEMP light on the 
. caution panel will Illuminate. At this time, the 
battery must be removed from its charging 
source by placing the batter* switch OFF. The 
BAT £>VTEMP caution light will go out when 
the battery cools to about 95*F or when all 
power is turned off. The caution light is powered 
by the dc primary bus. 



Battery Switch 

The battery switch* (figure 37), located 
on the overhead switch panel, is labeled 
BATTERY, with positions marked ON and OFF, 



DC Utility Power Receptacle 

Three 28-volt DC utility receptacles 
are installed. The receptacles receive power 
from the DC monitor bus through three cir- 
cuit breakers on the pilot 1 s overhead cir-p 
breaker panel. ,The circuit breakers are 
marked COCKPIT, CABIN, and XMSN under the 
general headings UT RECEPTACLE, MON, and DC. 

Direct Current Circuit Breakers 

Direct s curretft circuit breakers are 
located on all three overhead circuit break- 
er panels and on the battery bus circuit 
bVeaker panel. 



EXTERNAL &)WER 



External Power Switch 



The external power\ switch is located 
on the overhead switch panel under the head- 
ing EXT PWR with positions marked ON and 
OFF.' The external power switch is protected 
by a circuit: breaker on the overhead circuit 
breaker panel. The circuit breaker is marked 
EXT PWR under the general heading DC PRI 
BUS. » 



External^ower Advisory Light 



The external power advisory light, lo- 
cated on the caution-advisory panel and 
marked EXT POWER, will illuminate when the 
external power switch is ON and -external 
power is being supplied to the aircraft. . 

AC External Power Receptacle 



the AC external power receptacle is * 
located on the left side of the fuselage 
aft of the sponson, and is used to connect 
115/200-volt, 3-phase, 400-Hertz power to 
the helicopter . A phase sequence relay xs 
is incorporated to sense proper external 
power phase rotation. If external AG power 
is connected to the receptacle and the phase 
rotation is- incorrect, power will.not be 
applied to the electrical system. However, 
if the phase rotation is correct, DC power 
will pass through the £hase sequence relay 
and close - the external power contactor re- 
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Figure 37. - Overhead control and circuit breaker panels. 

lay, thua admitting external 3-phase power Two different type external power Units 

into the AC electrical system. 4 rtiay v be used to provide AC external power. 
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One type- provides AC power" only, and the 
other provides AC power and. 28-volt PC con- 
trol power to the phase sequence relay. 
m When external power units providing AC power 
only are plugged into the helicopter, power 
is delivered through $he phase sequence 
relay to the external power contactor. In 
this configuration, the battery switch and 
the external power switch must both be ON. * 
" The battery switch must be ON ta 4 power the 
DC prin^ry bus, and the external power 
switch must be ON to permit the DC primary 
bus to supply control power to the phase- 
sequence "relay. If AC phase rotation is 
correct, DC control power will pass through 
the phase sequence relay to illumin ate the 
external power advisory light, and close 
the external power contactor rela^ and both 
AC monitor bus contactor relays, dosing' 
these relays will allow the AC power system * 
to ' function normally. With the converter 
switches ON, the DC monitor^ bus control 
relay, a£fad the DC monitor bus relay will 
close, and the DC power system will function 
normally. If external power is to bemused 
for *an extended period of time the battery 
switch should be placed OFF to avoid pqssi- 
ble overcharging, "When external power units 
providing both AQ and DC power are plugged 
in, the AC power is* delivered to the phase 
sequence relay and the external power con- 
tactor. In this configuration, only 9 thp 
external power switch need, be ON to permit 
the DC control circuit to close the external 
power, contactor relay if AC phase rotation 
is correct. The external power switch in 
. the ON position also permits external DC 
power to -illuminate the external power ad- 
visory light and close the DC monitor bus 
. relay, providing power to the DC primary 
and monitor bus • 



DC External Power Receptacle 



The* DC -external power receptacle „ is * 
located on the right side of the fuselage 
below the pilot's window and" is used to 
- connect 28 r volt DC power to the helicopter. 
With the external power switch ON, 28-volt 
DC power from an external power source is 
delivered through the DC power receptacle 
to i l lu m inate the ! external power advisor^ 
light, close the external power relay, En- 
ergize- the DC primary bus, and close the 
DC monitor bus relay, providing power to 
the DC monitor bus. 
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LIGHTING EQUIPMENT 
(See figure 38.) 

INTERIOR LIGHTS 

Pilot's and Copilot's Flight Instrument Pa- 
nel Lights 

The pilot's and copilot's flight in- 
strument panel lights and VOR-TACAN selector 
lights are individually controlled by rheo- 
stats, marked PILOT FLT INST and COPILOT 
FIT INST, located on the overhead switch 
• panel. With the PILOT FLT INST or COPILOT 
FLT INST rheostats in the OFF position, 
the VOR-TACAN lights will operate with a 
bright, fixed intensity/ . The VOR-TACAN 
switch turns the appropriate VOR or TACAN 
light on. The intensity of the flight in- 
strument lights *m§y be varied by rotating 
each - rheostat. The copilot's flight instru- 
ment lights operate* from tfoe No. 1 AC 
primary bus and are protected by a circuit 
breaker on' the copilot's circuit breaker 
panel. The circuit breaker is marked CO-PLT 
FLT JNST under the general headings CKPT LTS 
and NO 1 AC PRI. The pilot's flight instru- 
ment 'lights operate from th% No. 2 AC 
primary bus. and are protected by a circuit 
breaker on the pilot's circuit breaker pa- 
nel. The circuit breaker is marked PILOT FLT 
INST under the general headings CKPT LTS and 
NO 2 AC PRI. 

NonFlight Instrument Lights 

The non-flight instrument panel" lights 
are controlled by a rheostat, marked NON- 
fLT INST, located on the overhead switch 
panel. The intensity of the engine and 
transmission Instrument lights, the hydrau- 
lic pressure . gage lights, the fuel manage- 
ment backlighting, and fuel quantity lights 
may be varied by rotating the rheostat. 
'The nonflight instrument lights operate from 
the No. 1 AC primary bus and are .protected 
by a circuit breaker on the copilot's cir- 
cuit breaker panel. The circuit breaker is 
marked NON-FLT INST under the general head- 
ings CKPT LTS and NO 1 AC PRI. 

Console and Overhead Panel Lights 



The white lights on the center console, 
the overhead switch panel, the pilot's side 
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1. CONTROLLABLE SEARCHLIGHT 

2. ANCHOR LIGHT 

X (NSTRUMCNT PANCL LIGHTS " 

4. COCKPIT CONSOLE AND PANEL LIGHTS 

1 SPOT LIGHTS OVERHEAD SWITCH PANEL LIGHTS 

PILOT'S COMPARTMENT WHITE AND RED DOME LIGHTS 
7. EMERGENCY EXIT LIGHT (2 INSTALLED) 
I FUSELAGE LIGHT 
• t. CARGO COMPARTMENT DOME LIGHT (WHITE AND RtD 
. 4 INSTALLED) 
10. LOADING LIGHT 



II. 
12. 
IX 
14. 
IS. 
14. 
17, 
It. 
It. 



ROTATING ANTI-COLLISION LIGHT (TAIL RED) 
.ANCHOR LIGHT ^ ' 

TAIL POSITION LIGHT 
LOADING LIGHT 

ROTATING ANTI-COLLISION LIGHT (BOTTOMS ED) 
FLOOD LIGHTS LEFT AND RIGHT SPONSON % 
POSITION LIGHTS (RIGHT SPONSON. GREEN - LEFT SPONSON. RED) 
FUSELAGE LIGHT _ m ^_. v 

FLOOD UGHTS (LEFT AND RIGHT ELECTRONIC DOORS) 



S HOd (El) 



Figure 38. - Lighting system. 



console! the copilot's side console, and 
the MARKER BEACON/RAWS control panel are 
controlled by rheostats on the overhead 
switch panel. The rheostats are under the 
heading CONSOLES LOWER and OVHD. An addi- 
tional rheostat for red lighting on the 
lower center console, pilots 1 side console', 
and copilots 1 side console ison the over- 
head switch panel under the headings LOWER 
C0NS0IE RED' LIGlfTS. The center console 
lights operate from the No. 2 AC primary bus 
and are protected by a circuit breaker on 
the pilot's circuit breaker panel. The cir- 
. cuit breaker is marked CSL LOWER under the 
general headings CKPT LTS and NO 2 AC PRI. 
The cockpit overhead panel lights operate 
fronf the No. 1 AC primary bus and are 
protected by a circuit breaker on the copi- 
lot's circuit breaker panel. The circuit 
breaker, is marked CSL OVHD under the general 
headings CKPT LTS and NO 1 AC PRI. 



Cockpit Dome 
ment Light 



Lights and Secondary Instru- 



• There is one red and one white dome 
light on the cockpit overhead dome light 
panel. These lights are controlled by a 
guarded switch on the dome light panel. 
The switch is marked DONE LIGHTS - CKPT 
with the marked positions RED; OFF and WHT. 



This switch will supply white light of a 
fixed intensity. In addition, the red dome 
light may be used as a- secondary instrument 
light . When the red dome light is used as 
an instrument light, it should be turned 
on and its intensity adjusted with the rheo- 
stat, marked SECONDARY INST, on the overhead 
switch 'panel. These lights are powered by 
the DC primary bus and are jprotected by 
a circuit breaker on the overhead circuit 
breaker panel. The circuit breaker is marked 
COCKPIT DONE under the general headings INT 
LTS and DC PRI .BUS. 



Gockpit Utility Lights 

Two portable utility lights with toiled cords 
are secured, pne on each outboard side of the 
cockpit above the sliding windows. The lights may ( 
be adjusted on their mountings to direct the light | 
beams, * or they may be removed and used as 
portable lights. On helicopters modified by TCTO 
lH(3)F-582, two additional mounting points vare 
installed; one in front of each pilot's sliding 
window. /The utility lights are each controlled by a 
rheostat or a pushbutton, located on the end of 
jeach light casing. The lens casing of the light 
may be rotated to position a red filter converting 
the white light to a red light. The cockpit utility 
tights operate from the DC primary bus and are 
protected Vy a circuit breaker on the overhead 
circuit .breaker panel. The circuit 'breaker is 
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breaker is marked COCKPIT DOME under the 
general headings INT LTS and DC PRI BUS. 

ScroD Checklist Light 

The scroll checklist light ia control- 
led by an on-off rheostat switch mounted 
on the left side of the checklist container. 
The scroll checklist light operates fron 
the DC primary bus through a circuit breaker 
on the overhead circuit breaker panel. The 
circuit breaker is marked CHECK LIST under 
the general headings INT LTS and DC PRI -BUS. 



Navigator's Panel Light Control 



The navigator's panel light control 
rheostat, marked PNL LTS, is located on 
the radio rack in front of the navigator's 
table. The rheostat controls light intensity 
of the LORAN potxtrol panel. The night light- 
ing for the HF head, INTER ICS panel, and 
RADIO panel is controlled by the LOWER CON- 
SOLE RED LIGHTS rheostat located on the 
overhead switch panel in* the cockpit The 
navigator pahel lights operate from the No. 
2 AC primary bus and are protected by a 
^rircuit breaker on the pilot's circuit 
breaker jpanel. The circuit breaker is marked 
NAV* under the general headings CREW LTS and 
NO. 2 AC PRI. 

Navigator Utility Light 

A portable utility light, with coiled 
cord and mounting base, is secured to the 
left side of the cabin beside the naviga- 
tor's table. The light is controlled by 
a rheostat on the> mpunting base. The light 
may be adjusted on its mounting base to 
direct the light beam, or it may "be removed 
and used as a portable light. The utility 
light can be adjusted to operate as a red 
or white light. The navigator's utility 
light operates from the No. 2 AC primary 
bus and ia protected by a circuit breaker 
on the pilot ' s overhead circuit breaker 
panel S< The circuit breaker is marked MAP 
LT undfer thi general heading NO; 2 AC-PRI. 



Hoist Operator's Panel Light Control 



. r The hoist operator'* panel light .con- 
trol rheostat, marked PANEL LIGHTS, is loca- 
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ted forward of the cargo door below the 
hover trim control. The hoist operator panel 
lights operate" from the No. 2 AC primary 
bus and are protected by a circuit breaker / 
on the pilot 1 s circuit breaker panel. The 
circuit breaker is marked HOIST under the 
general Ijeat^ngs' CREW LTS and No. 2 AC PRI.' 



Cabin Dome Lights „ 



The four cabin dome lights (9, figure 
38) are controlled by a guarded switch on 
the cockpit dome light panel. The switch 
is marked CABIN un^et" the general heading 
DOME LIGHTS, with marked positions RED, OFF, 
WHT. The cargo compartment dome lights are 
equipped with a red and white lamp. The red » 
or white light* may be turned on at any, time 
DC power is available at the DC monitor bus. „ 
The white light may be turned on only if the 
guard is lifted. The cabin dome lights 
operate from 4 the DC monitor bus and are 
protected by' a circuit breaker, located on 
the pilot's circuit breaker panel. The cir- 
cuit breaker is marked CABIN DOME LTS under 
the general headings DC MON*. 



Standby Compass Light 

The standby compass on-off switch is 
on the compass casing, and the intensity 
is controlled by the nonflight instrument 
rheostat powered by the No. 1 AC primary 
bus . 

Loading Lights 



Two loading lights (10 and 14, figure 
38), one in the ceiling of the cabin above 
the ramp and one in the bottom of the * ft il 
pylon , provide illumination for the r«p 
loading area. The lights are controjfted 
by a two-position switch, marked LOADING 
LTS, ON, OFF, located on 1 the overhead switch 
panel. The loading lights receive power 
from the DC primary bus and are protected 
by a circuit breaker on the overhead 'circuit 
breaker panel. The circuit breaker is marked 
LOADING under the general headings EXTERIOR 
* LTS and DC PRI BUS. * 



* EXTERIOR LIGHTS 
(See figure 38.) 
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Controllable 'Searchlight 



Hover Lights 



The -forward facing searchlight located' 
in , the ,nose of the helicopter can move on 
its hinged mounting bracket forward and 
down, through a 120° arc. In. addition, the 
searchlight can rotate 360° in either direc- 
tion on its axis. However, it is restricted 
to 45° left or right until the unit has 
extended' forward and down 110° to 120°, 
at which time the light will rotate 360°. 
The extend motor, rotate motor, limit - 
switches and lamp are enclosed in waterproof* 
housings. 

There are three searchlight position 
control switches, one located on each col- 
lective pitch' 1 grip, marked SLT. TRAIN, and 
the.^hird on the copilot's searchlighjc and 
ICS switch panel. The illumination switch, 
labeled SEARCH, with the marked positions 
STOW, OFF, and ON, is on the overhead switch 
panel, under the general heading EXTERIOR 
LTS. The SLT' TRAIN switch is a spring-load- 
ed, four-position,' thumb switch, centec po- 
sition OFF, with marked positions, FWD, AFT, 
L, and R. Placing* the SEARCH switch in the 
ON position lights the controllable spot- 
light and furnishes power to the SLT TRAIN 
switcn to* control the searchlight movement. 
When the SLT TRAIN switch is placed in the 
FWD position, the controllable searchlight 
extends , by revolving . forward and down a 
.maximum of 120° from its stowed position/ 

and may be st0 PP eti at anv intermediate 

position by releasing the switch. Placing 
the switch in the AFT position retracts tne 
light until the searchlight is in the fully 
stowed position. By placing the switch in 
the L or R positions, the searchlight will 
rotate to the left or right. The search- 
light position control switch mounted on the 
copilot's landing light and ICS switch pan^el 
operates in the same manner, and Is marked 
LDG LTS with the marked positions FWD, AFT, 
L, and R. If the SEARCH switch is placed in 
the STOW position while the controllable 
searchlight is extended/ the „ searchlight 
will automatically go out and then retract < 
to the stowed position. The switch is then 
placed in the OFF position. * 

The controllable searchlight operates 
om the DC prijnary bus and is protected 
by circuit breakers on the^ overhead circuit 
breaker panel. The circuit breakers are 
marked SEARCH LIGHT, PWR, and CONT under the 1 
t general heading EXTERIOR LTS. 



Four hover lights, dn? located on each 
side of the electronics compartment door 
and one located on the lower leading edge 
of each sponson* are controlled by a push- 
button - switch, marked FLOOD HOVER, on the 
overhead switch panel. The button portion 
of the switch is a green lens that illumi- 
nates when the switch is pressed,, to illumi-* 
nate the hover lightp, and goes out when 
the button i^s pressed to turn off the hover 
lights. The hover lights illumin*te V an area 
forward and below the helicopter. The hove*- 
lights Jperate from the DC monitor bus and 
are protected ■* by three circuit breakers, 
located on the pilot's circuit breaker pa- 
nel. The circuit breakers are marked CONT, 
LH, a/id RH under the general headings FLOOD 
*LTS, and DC MON. 



CAUTION 



The hover lights should' not be left 
illuminated for more than 15 minutes 
at a time, to prevent overheating. 
The length of time while illuminated 
and the OAT will determine the cool- 
ing off period. 



Position Lights 



\ 



The position lights (17, figure 38), 
located on .the sponsons and p^rlon, are con- 
trolled by two switches* on tfie' overhead 
switch panel. The switches are marked POSI- 
TION under the general heading EXTERIOR LTS.' 
The switch will turn the lights on in a 
STEADY or FLASH configuration or turn the 
lights OFF. The switch, marked DIM and W, fi 
will adjust the intensity of the lights 
accordingly when they are in the STEADY or ' 
FLASH configuration. Tne* position lights 
operate, from thp DC primary bus and are 
protected by a circuit breaker on ttye over- 
head circuit breaker panel. The circuit 
breaker; is marked POS under the general 
headings EXTERIOR LTS and DC PRI BUS. 



•Fuselage Lights 



» Two fuselage lights (8 and 18, figure 
38) are installed on the helicopter. One 
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light is located on the top rear side of 
the transmission compartment and the other 
on. the bottom of the hull. Both lights are 
controlled by ' a three-position switch on 
the overhead switch panel. The switch is 
narked FUSELAGE under the, general heading 
« EXTERIOR LTS, with marked positions DIM, 
A)FF, and BRIGHT. The lights receive power 
" from the DC primary bus and are protected 
by a circuit breaker on the overhead circuit 
breaker panel. The circuit breaker is marked 
FUS under the general heading EXTERIOR LTS. 



Anchor • Lights 



Two anchor lights (2 and 12, figure 
38), one located on the nose and the other -- 1 
on the pylon* are controlled by a two-posi- 
tion switch on the overhead switch panel. 
The switch is marked ANCHOR under the gener- 
al heading EXTERIOR LTS, with marked posi- 
tions ON and OFF. The anchor lights receive 
power from the battery bus and are, protected 
by a circuit breaker, marked ANCHOR LTS, 



on the battery bus circuit breaker panel 
located on the center console. 



Rotating Anti-collision Lights 



Two rotating anti-collision lights .(11 
and 15, figure 38), one located on the top 
of the t tail pylon and the other on the 
bottom 'of the fuselage, are controlled by 
two switches on the overhead switch panel. 
The switches«are under the general headings 
EXTERIOR LTS* and ANTI-COLLISION • The left- 
hapd switch, under the heading FWD with 
marked positions ON, and OFF, controls the 
forward anti-collision light. The righthand 
fwitch, under the heading AFT with marked 

"^ositioos AFT, ON and OFF, controls the aft 
rotating anti-collision tight. The rotating 
anti-collision lights operate from the DC 
primary bus and are protected by two circuit 
breakers on the overhead t circuit breaker 
panel. The circuit breakers, are marked FWD 

.and AFT under the general headings ANTI-COLL 
and EXTERIOR LTS. 
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REVIEW 



This section has covered the electrical power supply systems and 
lighting equipment used on the HH-3F. To complete a prefligbt and cer- 
tify the aircraft ready for flight, you will need to acquaint yourself 
thoroughly with these, systems. 

(Now answer the following review questions.) 



23. The primary bus provides power" for 23. -C (Refet to page 41) 
all components that are essential for 

which flight operations? 

A* SAR only 

B. Night VFR only 

C. Night instrument only 

D. Any flight operations 

# 

24. If the No, 1 generator fails, you 24. -B If you lose a generator, 
should expect to lose all components power- y QU w m lose all monitor 
ed by the . bus. buses. (Refer to pages 

* 41 and 42) 

A. No. 1 primary AC 

B. No. 1 AC monitor 

C. primary DC 

D. No. 2 primary AC 

25. DC power is supplied by two 25. -A (Refer to page 43) 

ampere converters. 

A. 28V., 200 s 

B. 26V., 200 . / 

C. 28V., 260 

D. 26V. , 250 

26. Assirae that the No. 2 converter fails. .26.-C <(Refer to page 44) 
Which, buses will be dropped from the line? ^ 

A. No. 1 AC primary 

B. DC primary 

C. DC monitor 

D. No. 2 DC primary 

7 

27. The AC External power receptacle is 27. -D (Refer to pa$e 45) 
located on the 4 ? . 



A. right side of the fuselage aft 

. of the sponson* 
0. right side of the, fuselage for- 
ward of the cabin door 
left side of fuselage forward of 
the sponson 

left side of fuselage aft of the 
sponson 
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28, Which switches mist be on when only, 28. -B (Refer to page 47) 

AC external powbr is plugged into the air- * 
craft? 

1. External pover 

2. w Battery 

3. Converters 

4. Generators ' 

A. land 3 only 

B. 1 and 2 only 
C 1, 3, and 4 
D. 2, 3, and 4 

2*. The pilot's flight "instrument lights ?9 -f * /p^ foi - ^ MM /7 v 
operate fro. the bus. W.-C. * (Refer to page 47) 

A. Mo. ^ AC primary 

B. DC primary 

C. „ W„ 2 AC primary ' "» 

D. DC essential 

• > 
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HYDRAULIC AND LANDING GEAR SYSTEMS 



OBJECTIVES 

When you complete this section, you will be able to: 

1. Summarize the operation of the utility hydraulic system, } 

2. - Identify the utility hydraulic system equipment components 

and explain their function, 

3. Interpret the utility hydraulic system schematic diagram. 
~4, Describe the landing gear system. 

5. Identify the landing gear system components and explain their 
function, 

6. Explain the landing gear emergency extension system. 

7. Interpret the landing gear system schematic diagram. 



HYDRAULIC SYSTEMS 

Y ' 

Three hydraulic systems, the primary, 
auxiliary, and utility, are incorporated 
in the helicopter. The prljnary and auxiliary 
hydraulic systems assist ^in flight control. 
The utility hydraulic system provides hy- 
draulic power for the main landing gear; 
nose landing gear, ramp, and APU start sys- 
tem and rescue hpist system. 



the auxiliary hydraulic system is capable of 
independent operation, if desired. 

Since thQ prljnary and auxiliary hydrau- 
lic systems are described in % the Flight 
Control Systems section of this pamphlet, 
these systems' will not be covered in thia 
section. 



UTILITY HYDRAULIC SYSTEM 



MARY HYDRAULIC SYSTEM 
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/-The primary hydraulic system provides 
ppwier for the primary servocylinders, which 
assist in flight control. Normally operated 
in series with the auxiliary hydraulic sys- 
tem, the prljnary hydraulic system is capable 
of independent operation, if desired. 



AUXILIARY HYDRAULIC SYSTEM 



The auxiliary hydraulic system provides 
power for the auxiliary servocylinder, which 
assists in flight control. Normally operated 
in series with the primary hydraulic system, 



The utility hydraulic aystem (figure 
42) consista of a fluid tank, hydraulic 
pump, panel package and a pressure indicat- 
ing system. The system supplies 3,000 psi 
pressure- to the nose landing gear, main 
landing gear, APU start system, ramp, and 
rescue .hoist system. In addition, a heat 
exchanger is incorporated into the utility 
system to cool hydraulic fluid, if neces- 
sary, returning to the reservoir. On the 
ground , hydraulic power may be obtained 
from a hydraulic test stand connected to 
the external hydraulic pressure couplings, 
or by operating the APU or the rotor system, 
tn flight, the utility pump, driven by the 
main gear box, supplies 3,000 psi pressure 
to the utility panel package for direct 
distribution and for reduced pressure dis- 
tribution to other systems. Utility hydrau- 
lic pressure is displayed on %he UTI HYD 
PRESS indicator on the instrument panel. 
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EXTERNAL HYDRAULIC PRESSURE 
CONNECTIONS 

External hydraulic pressure couplings 
(figure 39) are provided for testing the 
hydraulic systems. A. UTILITY PRESSURE coupl- 
ing and a UTILITY SUPPLY coupling are in- 
stalled on the coupling support aft and 
to the right of the main gear box. The U- 
IUTY SUPPLY coupling provides for the re- 
turn of the hydraulic fluid from the system 
to the external' source of hydraulic power. 
When not in use, the couplings are covered 
with dust caps to prevent entry of foreign 




1 Coupling Support 

2 Auxiliary Servo Supply 
Coupling ' 

3 Utility Pressure 
Coupling 

4 Primary Sarro Supply 
Coupling 



Prtmary Sarvo 
Pressure Coupling 
Utility Supply 
Coupling 
Auxiliary Servo 
Pressure Coupling 



Figure 39. - External hydraulic pressure 
connections. 

matter. Access to the couplings is gained 
by hinging down the right transmission ser- 
vice plat f on. 

EQUIPMENT COMPONENTS 

i 

FLUID TANK (RESERVOIR) 

Hydraulic fluid for the utility hy- 
draulic system is supplied from the utility 
fluid tank (figure 42, item 8), aft and 
to the right pf the main gear box. Ports 
for supply and return, a vent line, a drain 
plug, sigh? level gage, a filler neck, a 
scupper drain, and a servicing instructions 
decal are on the tank. When filled to the 
FULL mark on the sight level gage, the fluid 
tank contains 3.05 gallons of fluid. If 
the filter element becomes clofcged, an in- 



tertill relief valve operating at 6 to 8 
psi pressure will bypass the filter element. 
Access to the fluid tank is gained from 
the transmission service platform and by 
opening the ACCESS PANEL and the UTILITY 
HYDR REFILL ACCESS PANEL on the right si^ 
of the aft main rotor fairing. 



UTILITY PUMP 



A constant pressure, variable flow pis- 
ton-type pump (figure 42, item 11 ) delivers 
hydraulic fluid at 3,000 psi pressure to fih$ 
'utility hydraulic system. Hydraulic fluid is 
drawn by the pump from the system fluid tank 
aAd delivered under pressure to the utility 
panel package. The utility pump is mounted 
on the No. 2 oil pump between 'the primary 
and auxiliary pumps on the lower right half 
of the main gear box fear, cover. Access to 
the pump is gained by hinging down the right 
transmission service platform. 



CHECK VALVES 



The external pressure line to the U- 
ility panel package contains a one-way check 
valve (figure 42, % item 10), which protects 
the .external coupling ff-om back pressure. 
Access to the check valve is gained by hing- 
ing down the ACCESS PANEL" on the right 
side of the aft main rotor fairing. 



UTILITY PANEL PACKAGE 



Hydraulic fluid in the utility hydrau- 
lic system is directed through the utility 
panel package (figure 40) on the support 
panel below the system fluid tank. The u- 
tility panel package, operating at 3,000 
psi pressure, is a self-contained unit in- 
corporating a 10-micron filter* If the fil- 
ter becomes clogged, a differential pressure 
indicator pjLn will indicate at 100 + 20 
psi differential pressure • A snubber to 
equalize /system pressures, a relief valve, 
preset t<J open at 3,500 psi pressures, and 
a four-way solenoid valve, also/ are incor- 
porated in the utility panel package. Access 
to the utility panel package ijs gained by 
hinging down the right transmission service 
platform and the ACCESS PANEL on the right 
side of the aft main rotor fairing. 
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1 Utility Pantl Packajp 
2* Bushing 

3 kicking 

4 Filtar Elamant 

5 Sprlnf 

S Packing 

7 Back- Up Ring 



8 Cap 
0 Body 
Packing 
Rtctptaclt 
3cr%w 

13 3c raw 

14 Rttainar 



10 
11 
12 



15 Solanold 

16 Packing 

17 Spring 
10 Cora 

10 Packing 

20 Spacar (Vant) 

21 Packing 



22 Stat 

23 Ball 

24 Spacar 
23- Stat 

Packing 
Filttr 
Spring, 



/ 



29 
27 
28 



Figure 40. - Utility panel package. 



iJtiLity- panel Package filjer 



The utility panel package filter (fig- 
ure 40) consists of a filter cap,' 10-<ni- 
cron stainless steel filter element, bush- 
ing/ spring, back-up. ring, and packing. 
Should the filter become clogged, a differ- 



ential pressure indicator pin will extend 
when 100 + 20 psi differential pressure 
exists across the filter and the hydraulic 
fluid temperature is between 0.0° C. (32° 
F\ and 16.7° C. (62° F. ) Inspect frequently 
to ensure the pin has not extended. If the 
pin has extended, clean the filter in accor- 
dance with T.Q. 9H3-1-1. The differential 



V 4 



5<R 




15 N ^H 13 



1 Clamp 

2 Scrtw, Wuhtr, Nut 

3 Hose (Rtscue Hoist Return) 

4 Disconnect plug 



6 Host (Rtturn) 

7 Bushing, Union, Pickings 

8 Bushing, Packing 

9 Tee, Nut, Packing, Rljig 



- w . ■ — » » »w, |iui, r«VR 

9 Host (Ramp snd Landing Gear Rtturn) 10 Heat Exchanger 



11 Bolt, Washer, Nut 

12 Spacer 

13 Bolt, Washer 
I4riciamp . 

, ^15 Fsn Guard \ 



Figure 41. - Heat exchanger. 



pressure indicator pin must then be reset 
by manually pressing the pin into the util** 
ity panel package housing. Access is gained 
by hinging down the right transmission ser- 
vice platform and by hinging down the AC- 
CESS PANEL on the right side of the aft 
main rotor fairing. 



between 35 to 45 psi. A blower motor over- 
temperature sensor is contained within the 
motor and can shut the motor off by de-ener- 
gizing the blower control relay. A screen- 
type fan guard is secured over the blower 
inlet portion of the heat exchanger by a 
band-type clamp. 



HEAT EXCHANGER 



The heat exchanger (figure 41 ) , on 
the right side of the transmission deck, 
consists of a cooler, blower, and~associated 
ducts. All utility hydraulic system return 
lines are routed through the cooler. The 
blower blows outside air across the cooler 
to dissipate heat and prevent fluid tem- 
perature from exceeding 93.3° C. (200° F.) 
The blower operates whenever the OIL COOLER 
BLOWER m circuit breaker on the copilot's 
circuit breaker panel, and the OIL COOL 
BLO CONT circuit breaker on the overhead 
circuit breaker panel, are engaged. A ther- 
mostatic bypass valve opens to bypass fluid * 
around the core to the return line when 
fluid temperature is below 26.7° C. (80° 
F. ) or pressure drop across the core rises 



UTILITY HYDRAULIC PRESSURE 1 
INDICATING SYSTpl 



The utility "hydraulic pressure indi- 
cating system consists of a pressure trans- 
mitter, pressure indicator, and snubber* 
The • system indicates the pressure being 
m supplied *to tha^utility panel package. The 
9 snubber within the utility panel package 
* dampens pressure oscillations to the pres- 
sure transmitter. 



PRESSURE TRANSMITTER 



The pressure transmitter (figure' 42 
item 9), on the right side of the trans- 
mission deckj transmits, electrical impulses 
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figure 43'. - Limlinfe tfnr system - schema I tc diagram. i 
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to the HYD PRESS UTI indicator on the in- 
strument panel. The pressure transmitter 
has an operational range of zero to 5,000 
psi - pressure. Access to the transmitter 
is gained by, hinging down the right trans? 
mission service platform* 



UTILITY PRESSURE INDICATOR 



The utility pressure indicator, near 
the lower center of the instrument panel? 
indicates utility hydraulic system pressure. 
The indicator dial has a range of 0 to 4,000 
psi* 

LANDING GEAR 



The landing gear system comprises the 
retractable main landing gear mounted in - 
the sponsons and the retractable (kneeling) 
nose landing gear mounted immediately aft 
and below the cockpit. . Jhe nose landing 
gear is a swivel type and can be locked 

* in the trailing position for parking. The 
main and nose landing gears are normally 
operated hydraulically, but in the event 
of hydraulic failure, an emergency system 
of compressed air Will lower the main land- 
ing gear, and a switch will actuate a valve 
to direct APU accumulator hydraulic pressure 

. to lower the nose gear. While the. helicopter 
is on the ground, the nose landing gear* 
may be kneeled to increase ground clearance 
at .the aft ramp for cargo loading. * 

r 

LANDING GEAR SYSTEM 
(RETRACTABLE) 

The landing gear System consists of 
a landing gear control unit with indicating 
lights, retractable main landing gear, and 
retractable (kneeTLng) nose , landing gear. 
(Turn to figure 43 at this time.) Hydrau- 
lic power extends and retracts both main 
and nose landing gear, and electrical compo- 
nents sequence the operations. When the 
nose "and main landing gear are fully exten- a 
ded, the control unit indicating lights 
illuminate. The control handle lights illu- 
minate at the start of the nose and main 
landing gear cycle and go off at the end 
of the cycle. If the system fails, the main 
and nose landing gear may be extended 
through the emergency extension system. 



A down-limit release switch (figure 
43, item 19), attached to each main landing 
gear, Is actuated by compression of the 
shock , strut . The down-limit release 
switches, connected in series, prevent in- 
advertent r ^retraction of the landing gear 
while the helicopter is on the ground. In 
addition, the ground lockpin sensing 
switches (21 ) prevent inadvertent retraction 
of the landing gear while the ground lock- 
pins are .installed. The ground lockpin sens- 
ing switches are normally closed and are 
actuated when ground lockpins are installed. 
When the ground lockpins are removed, £he 
switch contacts close. As helicopter weight 
is removed from the gear, the shock strut 
extends, closing *the downlimit release- 
switch contacts. This energizes a coil in 
the landing gear control unit and unlocks 
the control handle. 



C After the down-limit' release switches 
hav,e closed," electrical power is available 
at the landing gear control .unit ~( 11 ) to 
retract the nose and main landing gear. 
Placing the control handle in the UP posi- 
tion Illuminates the control handle lights 
through the uplock limit switches on the 
upper drag links or the up-limit switch (25) 
in the nose gear, energizes the up-coil in 
the main landing gear control valve, and 
ener&izes the 'kneeling -valve ( 13 ) , and pre s- 
sur£/ lock valve (29). Hydraulic pressure 
flows through the -kneeling control valve, an 
emergency release valve (6), and a two-way 
restrictor (26), to the, kneeling cylinder in 
the nose gear, permitting .the cylinder to 
raise the "nose gear. The, return flow passes 
through a flow regulator (l), shuttle valve 
(2), pressure lock valve, and a check valve 
(5) to the return port of the kneeling 
control valve (13). Also, hydraulic pressure 
flows through the maim landing gear control 
valve (ll), «an emergency release valve (6). 
plus a two-way (IS) and a one-way (14) 
restrictor, to the retracting cylinder (22) 
of the main landing gear. An integral down- 
lock mechanism in the retracting cylinder is 
released upon application of pressure, per- 
mitting the piston to extend and raise the 
main landing gear. The return flow passes 
through a shuttle valve (17) in the retract- 
ing cylinder and a two-way restrictor (23), 
to the return port of the main landing gear 
control valve. As the main and nose landing 
gears start to retract, the main gear down- 
lock limit switches (18) and nose gear down- 
limit switch aHl tripped (24). This inter- 
rupts electrical power to the control unit 
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Key to Figure 42. 

U Quick disconnect (supply) 

2. Quick disconnect (pressure) 

3. , Utility .manifold 

4. Relief valve (3500 psi) 
Landing .gear control valve 

6« Snubber , 

7. Filter ' 

8 . Reservoir v 

9. Transmitter 

10. Check valve 
U. Piasp 

12. Indicator 

13* Heat exchanger 



Figure 42. - Utility hydraulic ays t cm - schematic diagraa. 
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VAl>E SMO»N <N NfUTlAL , 
PO»lTlONSL!D«S(llOHT TO K 
LO«CII Ll^T TOlAiSI 
MAIN GEAR * 



i 



VALVE SHOWN IN DOWN 
*Ot+TlON SL 'DCS TO LEFT 
to Raise knEEL ' GEAR 




IK3HT WHflU 



ElfCTtlOl ACTUATION 
AAfCMANlCM ACTUATION vVVWA 

utility nyorauiiC pressure moo psi • 

PRESSURE ro« tOWERINO lanoino OEAR . V i TVW t 



'PRESSURE FOR RAISING tANDINO GEAR 

IY.PASS ANO ALTERNATE MEASURE 
FOR tOWERINO tANDINO GEAR 
RETURN TO RESERVOIR 



Figure 43 A. - Landing gear system - schematic diagram ( simplif ied ) . 



LEFT, RIGHT, and NOSE GEAR DOWN indicator 
lights and completes another ?ircuit to the 
control unit, making electrical power avail-_ 
* able to lower the landing gear. * t . 

When the nose and main gears are fully 
retracted, the main gear uplock limit 
'switches are actuated, interrupting the e- 
lectrical circuit to the -landing gear con- 
trol valve and control handle lights. The 
up-limit switch in the no** gear interrupts 
an electrical circuit to the Control handle 
lights. Placing the control handle in the DN 
position Llluminates , the control handle 



lights through the downlock limit switches 
and down-limit switch (24) "in th* nose gear., 
and energizes the down coil in the main 
landing gear control valve (ll). This also, 
de-energizes .the* kneeling valve (13) and 
pressure lock valve (29). Hydraulic oressure 
flows through the kneeling valve 1 13), pres- 
sure reducer (4>, pressure lock valve (29L 
shuttle valve (2), and flow regulator UJ, 
to the^ kneeling cylinder in the nose gear, 
permitting the cylinder to expend the nose 
^ear. The return flow passes through a two- 
way restrictor (26), the emergency return 
valve (6), and to the return port qf % the 
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npse kneeling valve (13). Also, hydraulic 
pressure flows through the main landfng 
gear , control valve to the uplock cylinder 
(16), extending the piston ind unlocking 
th4 main gear. Simultaneously t pressuYe 
flows through a two-way restrict or (23) and 
shuttle valve (17) to the retracting Cylin- 
der (22), retracting the piston and lowering 
the main gear. Return flow passes through a 
two-way restpictor (15), one-way restrictor 
(14^, and the emergency release valve (6) to 
the return port of* the main landing gear 
control valve (ll). 

As the mainland nose landing gears 
start to extend, the uplock limit switchea 
are actuated, completing an electrical cir- 
cuit to the up contacts in the landing gear 
control unit, making electrical power avail- 
able to raise the landing gear. When the 
retracting cylinder has fully retracted, 
an - integral locking .mechanism engages, lock- 
ing the main landing gear in the, down posi- 
tion. When the mainland no$£ gears are fully 
expended, the main gear, downlock limit 
switches and the down-limit switch in the 
nose gear are tripped, and pressure build- 
up in the nose gear kneeling cylinder closes 
the contacts of ' the pressure switch. This 
completes* an electrical circuit to the LEFT, 
RIGHT, and NOSE GEAR DOWN indicators and 
interrupts the electrical circuit to the 
down contacts of the control unit, de-ener- 
gizing the down coil of the main landing 
gear control valve and the circuit to the 
control handle lights. 

Emergency provisions are provided in 
the event of electrical or hydraulic failure 
when the nose and main landing -gears are 
in the up and locked position. These include 
the emergency control valve (figure 50, 
item ,6) emergency air valves (2), emergency 
air bottle (3), aj.r pressure gage (4), and 
air valve (5), which permit lowering the 
main landing gear -by Ampressed air. Simul- 
taneously, the nose gear is lowered by hy- 
draulic pressure through additional emergen- 
cy provisions, which include an emergency 
air valve (2), a 'solenoid operated emer-" 
gency release valve (10), accumulator (9), 
air pressure gage (7), and air valve (8). 
When the SOSE GEAR kneeling switch on the 
overhead control panfel is positioned to 
KNEEL, the kneeling valve'and the pressure 
lock valve are actuated. This allows the 
kneeling cylinder to vent through the open 
pressure lock valve and the kneeling valve 
to rhe hydraulic return line/Also, this 



* * *■ 

allows hydraulic pressure through the actu- 
ated kneeling „valve to knefcl, the nose gear. 
- When the NO£>fc 0 SvAR, kneel^'sVitch is position- 
ed to NORMAL, the nose gear* extends to the 
static jjosltion/ hydraulic power for the 
landing gear system is supplied by the util- 
ity hydraulic system at 3,000, psi pressure. 

Control Unit * « 

The landing gear control unit, on the, 
* lower center of the instrument panel, pro- 
vides control for raising and lowering the . 
main and nose landing gpar. The control » 
unit consists of an UP and DK control handle 
with two lights in its wheel-shaped knob% 
,DN LCK REL arm, a HDL LT TEST button and 
LEFT, RIGHT, and NOSE GEAR DOWN indicating 
lights. The indicating lights . illuminate 
when the applicable landing gtaaV^Ts* down 
and locked. Pushing in each indicating light 
determines i£ the light is operable, the 
control handle lights illuminate whenever 
the nose or main gear is in motion and not 
locked in the up or down position. When 
» the helicopter is on the ground, the control 
handle is locked ^ in the down position by 
a solenoid actuated bolt to prevent acci- 
dental retraction of the gear. The handle^ 
is unlocked when , weight of the helicopter 
*is sufficiently off the wheels to acutate 
the down-lock release limit switches. Pres- 
sing the HDL LT TEST button determines whe- 
ther its lamps are operative. 

Control Valve 

The four-way solenoid operated main 
landing gear control valve (figure 43, item 
ll) is an integral part of the utlilty panel 
package. The valve directs hydraulic pres- 
sure to either side of the actuating cylin- 
der to retract or extend the main landing 
r gear. Limit switches at each end of the 
retracting or extending cycle break the 
circuit, releasing the solenoids ^and placing 
the control valve in bypass condition, 
blocking off pressure* The bypass charac- 
teristic prevents a hydraulic lock, allow- 
ing the landing gear to drop freely when 
released by emergency procedure. 



Two-Way Restrictor 



The two-way restrictor (figure 43, item 
15), in .the landing gear downline attached 
to the actuating cylinder, dampens pressure 
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surges and limits the • flow of hydraulic 
fluid. The two-way restrictor may be removed 
by disconnecting the tubing from each end. 

Kneeling Control Valve 



The four-way two-position solenoid op- 
erated kneelir\g control valve (figure 43, 
item 13) directs hydraulic pressure to v ei- 
ther oside* of the** actuating . cylinder to 
extend *or retract the '^ose gear. The valve 
is controlled; by a two-position toggle 
switch on the overhead control panel and/or 
the control unit handle. 

Two-Way Restrictor-Filter 

.* « 

The two-way restrictor-f ilter, in the* 
landing gear upline attached *to the retract- 
ing cylinder, limits flow of hydraulic flu|d 
which controls rate of extension and re- 
traction of th» retracting cylinders. The 
restrictor-f ilter also- aids in synchroni- 
zing up and down motion of the -landing 
gears. The two-way restrictor-f ilter h may 
be removed by disconnecting the tubing from 
each end. 



Main Landing Gear Retracting 
Cylinder 

$ 

The hydra^dlcally operated retracting 
cylindep^(Tii5urp 44, item l) is between 
the^tfpper end k>f tjie uppe"r drag link and 
urfper and Ipwer links. The retracting cylin- 
der extends" to retract the landing gear 
an^K compresses to extend the landing gear. 
The /retracting cylinder has an internal 
positive lock to secure the pistort in a 
compressed jposition, and 1 a microswitch to 
indicate when the f landing gear is in tj>e 
fillip .down and locked position. In the down 
and lock position, the retracting cylinder 
is ^fully compressed ar^d locked, bringing 
the upper and lower links and the upper 
a'nd lower drag links into position against 
physical £tops. This holds the gear in a 
positive down and locked position. 

Uplock Cylinder 

* The uplock cylinder (figure 45, item 
4) is a hydromechanical unit between the 
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uplock mechanism 1 and a bracket in the spon- 
son^ The cylinder operates the uplock mecha- 
nism to lock the landing gear in retracted 
position and 'hydraulically releases the up- 
lock mechanism so that the landing gear can 
be lowered. The uplock mechanism can be 
actuated' mechanically through the emergency 
extension system. I 

Uplock Limit Switch 



The landing / gea^r uplock limit switch 
is on a bracket (at the bottom of the upper 
drag link . The* switch should be actuated 
simultaneously with the uplock hook, engag- 
ing the landing gear lug. This will £nter- 
" rupt the circuit to the g$ar-up solenoid 
in the main landing gear control valve and 
cause the lights in tfte control handJLe to 
go off. Adjustment fs made by threading 
adjusting nuts on each side of the bracket 
whiifP the landing gear is fully retractod 
and locked. ' 



Ground Lockpin Sensing Switch 

\ .>„ 
The landing gear grdiiad lockpin sensing 

* switch - is on a bracket at the bottom of^ 
the "upper drag link. The switch should tie*" 
actuated when the ground lockpin fcai instal- 
led. This will interrupt the circuit from 
the gear-up solenoid in the main landjng 
gear • control valve and prevent inadvertent 

"landing gear retraction. 

^own-Limit Release Switch 

I*- 

^> vt -> 

Thef downflimit release switches' are 
on the lower ,, aft end of each trunnion and 
*are actvia^ted , by compression and "extension 
of shoqk struts.^ When the weight of the 
- v helicopter is on~ the wheels, the shock 
struts are compressed and the contacts of 
the switches „are open, thereby allowing' 

• the solenoid-operated locking pin to* lock 
'the handle of the landing gear control unit. 
The switches also complete the underfre- 
quency control circuit* through the, super- 
visory panel to monitor the generator ' ft>r 
underf requency when the helicopter is oi^ 
the ground. Also, the „ ^switches complete 
a ramp control circuit to the forward ramp . 
system so that the forward ramp may be low-" 
ered when 1 tfie helicopter is on the ground. 
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1 Retracting CyLinder 

2 Downline Hose 

3 Elbow, Washer, Nut, 
Gasket 

4 Elbow, Washer, Nut, 
Gajket 

' 5 JEmerg ency Air Hose 



6 Upper Link 

7 Bolt, Washers!* Nut. 
Cotter JPin 

8> Upper Drag Link 

9 Lower Link 

<> 10 Washers 

iOA Washers 



11 Bolt, Washers. Nut, 17 Clamp 
Cotter Pin " - IB 

12 Washer* *" 19 

13 Bolt, Washers. Nut 20 

14 DownJock Limit Switch 21 

15 Ball 22 

16 Upline Hose 



Elbow, Washer, Nut 
Bracket 

Bolts, Washers, Nuts 
Upline* Tube 
Elbow, Washer, Nut, 
Gasket 



Figure 44. - Main landing gear retracting cylinder. 



When the weight of the helicopter is re-* 
noved froa the wheels, the struts extend 
and tfye switches clorfe, activating the sole- 
noid and releasing the^control handle. This 
also opens the underfrequencr control cir- 
cuit and the ramp control circuit. Both 
down-Limit release switches oust be actuated, 
to unlock the control handle . 



Main Landing Gear Extension 
And Retraction Links 



The main * landing gea,r extension and 
retraction links (figure 46) consist of 
the upper and lower drag links, and the 
upper and lower links. The links provide 
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Hydraullrf Hose 


9, 


Bolt, Washer, Nut 


2 


Bolt. Wafers, Nut, 




Cotter Pin 




Cotter W» 


10 


Link * 


3 


Fitting 


11 


Spring 


4 


Uplock Cylinder 


12 


Bearing 


5 


Bolt, Washer, Nut 


13 


Arm 




Cotter Pin 


14 


Bearing 


8 


Link 


15 


Support 


7 


Link 


16 


Support t 


8 


Bolt. Washer, &ut, 
Cotter Ptn 


17 


Spacer 



18 Bolt, Washers, Nut. 
Cotter Pin 

19 Bolt. Washer, Nut, 
Cotter Ptn 

20 Emergency Release 
Engagement Ptn 

21 Ptn, Washers, Cotter P^n. 

22 Washers 

23 Elbow, Nut, 
Gasket, Packing 



Figure 45. - Main landing gear uplock cylinder . 



the mechanical linkage* to extend and re- 
tract the main landing gear. The upper and 
lower drag links are between the lower end 
of the trunnion and the support on the spon- 
son. The upper and lower links are between 
the upper drag link and the support on the 
sponson. The upper and lower links join 
to a pivot (knee joint) which has an over- 
center action to maintain the landing gear 
in the extended position. A safety hole 
through both the upper and flower' links at 



the pivot provides for installation of the 
landing gear safetT pin to prevent inadver- 
tent retraction ojf the landing gear during 
ground handling. . 



Main Shock Strut 



The shock strut i*s an integral part 
of the main landing ^ear and consists of 
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during landing 



1 Cpper Link 

2 Bearing 

3 Bushings 

4 Bushings 

5 Lower Link 

6 Insert 

7 Lock 

8 Nut 

9 Rod End t 



10 Rod End Bearing 

1 1 Bushing 

12 Lower Drag Link 

13 Wishing 

14 Bushings 

15 Bushings 

16 Upper Drag Link 

17 Bushings 



Figure 46. - Main landing gear extension 
and retraction links. 

the trunnion and piston. The dual wheels 
and brake are attached to the axle at the 
lower end of the piston. A pair' of torque 
arms, secured to the' trunnion and pjCS^on, 
prevent the piston from sniveling, but ajW 
vertical movement. The trunnion is the cV- 
linder of the shock strut and secures the 
main landing gear to the sponson. The lower 
drag link is also secured to the trunnion. 
The shock strut ' is hydro-pneumatic with 
an internal floating piston which separates 
the air* and the hydraulic fluid. The air 
chamber is in the lover piston and is ser- 
viced through the air valve, aft between 
the dual wheels., The hydraulic fluid is 
added through a- filler plug at the top of 
the trunnion and bled of air through a 
bleeder plug, also at the top of the trun- 
nion. The trunnion t has bosses for attach- 
ing the tow ring and limit switches. The 



shock strut absorbs shock 
and ground operations. 

Main Shock St rut Filler Plug 



A filler plug is at the top of the 
trunnion for servicing the shock strut with 
hydraulic fluid. When the shock strut is 
being serviced, a hydraulic line is threaded 
on the stem, preventing spilling of excess 
fluid and allowing greater filling control. 
The bleeder plug, next to the filler plug, 
provides a means for allowing the trapped 
air to escape and a way to ascertain that 
the strut is' filled. 



WARNING 



- To prevent injury to personnel 
and possible loss'of life, do not re- 
move hydraulic filler plug unless air 
pressure has first been released. 



Emergency Extension System 



The landing ,gear emergency extension sys^ 
tern (figure 50) consists of an uplock emergency 
release rfVechanism, emergency control valve, air 
bottle, emergency air- valves, pressure gage, 
"emergency release valve, emergency valve relay, 
and a switch. The main landing gear emergency 
extension system provides for landing gear exten- 
sion in event of electrical or hydraulic 'failure of 
the main landing gear system. Actuation of the 
emergency extension release handle disen- 
gages an emergency release pin in the up- 
lock mechanism and simultaneously opens the 
emergency control valve to permit an air 
bottle, preloaded to 3,000 psi air pressure, 
to discharge through the emergency control 
valve. This air charge actuates the emergen- 
cy air valves to vent the return, side T>f £he 
retracting cylinder and the return side of 
th* kneeling cylinder to the utility hydrau- 
lic fluid tank. The air charge alscf dis- 
places a shuttle valve and operates the 
retracting cylinder to lower the main land- 
^ing gear. Also, actuation of the emergency 
extension release handle closes a switch at 
the bottom of the handle, completing an 
electrical circuit from the LAND GEAR EMER 
DN circuit breaker through the emergency 
valve relay to the emergency release valve, 
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opening the* valve. The contacts of the 
emergency valve relay are open when the nose 
gear is extended to prevent ''accidental' 4 dis- 
charge of the accumulator to the nose gear 
vh*n the helicopter is on the ground. The 
open emergency release valve permits the 
auxiliary power unit accumulator to dis- 
charge hydraulic fluid under pressure 
through the valve. The hydraulic charge 
displaces a shuttle valve and causes the 
nose gear to * extend. A red safety string 
having a tensile strength of 2 to 5 pounds 



is installed between the emergency release 
handle and handle bracket " to provide a 
visual check for accidental actuation of the 
emergency please handle. 



Unlock Emergency Release 
Mechanism' 



The uplock emergency release mechanism 
(figure 47) for each landing gear consists 
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Figure 47. 



Landing gear emergency extension system, 
s 
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of a handle , cables/ pulleys, * and pins. 
The release handle is on the left £ide of 
the center console in the cockpit, tabling 
connected to the handle extends, through 
tjcic pulleys to the pin in the uplock mecha- 
nism in each sponson and to the air bottle 
on the right side of the transmission well. 



Emergency Control Valve 
And Air Bottle 



(See figure 47.) A pressurized air bot- 
tle (figure 46 # item 7) and emergency con- 
trol valve (9) are in the transmission well 
on the right side of the helicopter. Actu- 
ating the valve releases i compressed air 
to the main landing gear retracting cylin- 
ders to lower the gear in an emergency. 
At the same time, ttie compressed air actu- 
ates the emergency air valves (6) and the 
shuttle valve ^figure 50, item 14) to vent 
the hydraulic system to prevent a hydraulic 
lock. The air bottle is normally charged 
to 3,000 psi and should be recharged if 
the pressure drops below 2,500 psi. 



Emergency Air Valves 



The two air-operated emergency air val- 
ves (figure 50, item 2), in the cabin on the 
right side of the transmission well, vent 
the nose gear kneeling cylinder and main 
gear retracting cylinder for emergency ex- 
tension of the landing gear. The emergency 
air valves are actuated by air from the air 
bottle. The solenoid operated emergency re- 
lease valve, on the left side of the 
transmission deck, directs hydraulic power 
lower the nose gear for emergency exten- 
of the nose gear. 




1 Cable 

2 Downline Tube 

3 Vent Line 

4 Nut 

5 Screw, Washer 

6 Pin Guide 



7 Upline Tube 

8 Nose Landing 
Gear 

J3 Return Line Tube 
10 Bolt, Washer, 
Retainer, Nut 



Nose Landing Gear 



Figure 48. - Nose landing gear. 

Utoeel- can swivel 360 degrees* and may be 
locked in the trailing position by the lock 
control system. 



A retractable nose landing gear (fig- 
ure 48) is bolted to the forward structure 
immediately aft of the electronics, compart- 
ment . The gear consists of a s,trut, kneeling 
piston, dual wheels, shiiimy damper, and 
nose gear lock control system. It is re- 
tracted vertically into the fuselage for 
flight and may be kneeled to" provide addi- 
tional 'overhead clearance when cargo is 
being loaded through the rear ramp. The 



Shock Strut 



The shock strut consists of a cylinder 
and a kneeling piston to extend and retract 
the nose gear. Also, the shock strut con- 
sists of dual wheels, a shimmy damper, and 
microswitches to light the control handle 
when the nose gear is cycling, and to light 
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Figure 49. - Noac gear lock control system. 



the NOSE GEAR DOWN indicator light on th* 
control unit. Two adapters are secured to the axle 
so the helicopter may be towed forward. The 
shimmy damper dampens gear oscillations and 
ground disturbances that occur when the heli- 
copter is taxiing. 



Nose. Gear Lock Control System 

.»* 

The nose 'gear lock control system (fig- 
ure 49) consists of a handle marked PARK 
IfiCK secured to the right sid* of the center 



console; a pin guide secured to the noaa 
landing gear shock strut above the shiny 
damped; a pin .in the guide; a lover connec- 
ted to (he pin and pin guide; and a cables, 
cable ia connected between the handle 
lever. When the handle ia pulled, aft 
up, the cable , lifts the ana attached 
the pin guide. This pushes the pin into 
alot in * the shock strut flange, locking 



The 
and 
and 

a 



— - — rp f v 

the nose landing gear in the straightforward 
position. When the handle is" pulled aft 
and pushed down, the pin Is withdrawn from 
the slot, allowiftg the nose landing gfear to^ 
swivel. 
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REVIEW 



This section has given you a good background on the utility hy- 
draulic system and the landing gear system. As a flight mechanic on 
the HH^3F, you' will need to know these systems in detail. 

(Now answer the following revieU questions . ) ^ 



30. The utility hydraulic system operates 
at psi pressure. 



30. -D 



(Re'fer to page 55) 



A. 
B. 
C. 
D. 



750 
1,500 
1,750 > 
3,000 



31. The ^external pressure coupling is pro- 
tected' from back- pressure by a . 



31, -B . (Refer to page 56) 



A. ' snubber 

B. check valve 

C. relief valve 

D. * control valve 



32. The flow of oil either through or a- 
round the oil cooler is * controlled by a 
. valve. 



32. -D (Refer to page 58) 



A. check 

B. diverter 

C. pressure bypass 

D. . thermostatic bypass 



33. Refer' to figure 42 in your text, which 
components are contained schematically with- 
in the same component? 

Relief valve (4) 
Cpntr^l valve (5) 
. Snubber (6) 
Filter (7) 
Transmitter (9) 
Heat exchanger (13) 



-33I-C (Refer, to page 59) 



A. 
B. 
C. 
D. 

34. The 
gized to 

A. 
B. 
C. 
D. 



5, 7, 9 
4, 5, 13 
4, 5, 6, 7 

6, 7, 9, 13 



pressure lock valve must be, ener- 34. -A (Refer to page 61) 



raise the nose" gear 
raise the main gear 
lower the nose' gear 
lower the main gear 
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35. In an emergency, 
is extended by - 



tbe main landing gear 35. -B » (Refer to page 66) 



A. an electric motor 

B, air pressure 

C, trapped hydraulic pressure 

D. a mechanical jackscrew 



36. The light in the landing gear control 
handle will be illuminated when the gear 



36. -D 



is 



A. 
B. 
C. 
D. 



up and locked 
down and locked 

up and the throttle is retarded 
in any intermediate position be- 
tween full up or down f 



3?,. The main landing gear downlock limit 
switch is mounted on the 

A. retracting cylinder ■ . 

B. upper drag link 

C. lower link v 

D. upper link 

38^ What are thi functions of the switches 
^mounted on the^ lower,, aft end of each main 
landing gear trunniog? ' ^ 



1. 
2. 
3. 
4. 
5. 



Release the, landing gear handle 
locking pin 

Permit the. main landing gear to 
lock in the down position 
Permit lowering of the forward 
ramp on the ground 
Complete the underf requency con- 
trol circuit 

Actuate the UNSAFE GEAR light in 
the cockpit 



A. , 
B. 
C. 
D. 



1, 3, and 5 

2, 3, and 4 
2, 4, and 5 
1,3, and 4 



39. Actuation of the emergency extension 
release handle does which of the following? 

1. Disengages a release pin from the 
main gear uplock 

2. Disengages a release pin from the 
nose gear uplock 

3. .Opens the emergency control valve 



A. 
B. 
C 
D. 



1 only 

2 and 3 only 
1 and 3 only 
1, 2, and 3 



This light serves as a warning 
that the landing gear is not in 
a fully up or down position. * 
(Refer to page 66} 



37. -A 



This switch gives an indication 
in the cockpit when the gear is 
lock^d'down. (Refer to page 67) 



38. -D (Refer to page 67 and 68) 



39. -C (Refer to page 70) 



~0 
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40. The emergency landing gear air bot- 
tle should be recharged when the pressure 
drops* to psi. 



40. -C (Refer to page 72) 



A. 
B. 
C. 
D. 



n,500 
2,000 
2,500 
3,000 



7 



41 . The nose wheel can swivel a MAXIMUM n 4 1 . -D 
of degrees. 



(Refer to" page 72) 



A. 70 

B; 90 

Ci 180 

D. 360 



v 
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WHEEL BRAKE, RAMP, AND RESOTfi HOIST SYSTEMS > 



OBJECTIVES 

When you complete, this^section, you will be able to: 

1. Describe the whepa brake system. 

2. Identify Jhre wheel brake system components and explain their 
function, 

3. Summarize the ramp system. 

4* /identify the components of the ramp system and explain their 
function. 

5. Summarize the operation of the hoist system. » 

6. Distinguish between the components of the hoist system and 
define them. 



WHEEL BRAKE SYSTEM 

The main wheel brake system (fdgures 
51 and 52) consists of four master cylin- 
ders, two slave mixer valves, a parking 

*brake valve, a parking brake handle, and 
two dual-wheel brakes. When- the pilot's 
or copilot f s pedals are depressed, hydraulic 
pressure k builds up in the master cylinder. 
The pressurized hydraulic fluid flows from * 
the master cylinder through the slave mix- 
er valves and the parking brake valve to 
each dual brake. Two slave mixer valves 
select which side, pilot's or copilot's, 

•of the dual system will operate the brakes. 
If pressure from the pilot ? s side, reaches 

the slave mixer valves first, the- valves 
iict^ to check fluid flow from the copilot's 
side. Therefore, only the oilot ov copilot 
may operate main wheel brakes during a given 
moment. The parking brake valve is actua- 
ted by the parking brake handle on tt*e right 
side of the* center console. When actuated, 
the parking brake valve traps fluid pressure 
to the brake's. The parking brake is re leaded 
by .depressing, the toe pedatss This actRn 
produces pressure in ttye master . cylinder 
which actuates the parking brake valve re- 
lease mechanism. * 



EQUIPMENT COMPONENTS 



Brake Pedals 

The brake \peda^s, on the pilot's and 
copilot's directional control pedals, pivot 



on needle bearings and are held in place 
by split washers set in grooves. The master 
cylinder piston is attached to a stud se- 
cured in the pedal. The main landing gear 
wheel brakes are individually actuated by 
depressing the corresponding toe /brake 
pedal. 

Slave Mixer Valves * 

Two slave mixer valve a- (figure 52 item 
2r) are in the brake lines between the pi- 
lot's and copilot's master brake - cylinders 
and main wheel brakes. The valves check 
and shuttle pressure flow from master brake 
cylinders to the main wheel brakes. This 
allows independent brake application by the 
pilo^t or copilot and prevents simultaneous 
dual operation „of ,the brakes. The slave 
mixer valve piston is spring-loaded open to 
the pilot 's -master brake cylinders. Pressure 
from the copilot's cylinders will shuttle a 
the piston in the mixer valve to -create 
pressure to the main wheel brakes. 



Master Brake Cylinder 



The master brake cylinders (figure 53) 
are secured to the tail rotor control pe- 
dals. The cylinders provide hydraulic pres- 
sure for braking *the helicopter. Pressing 
the toe brake pedals actuates the pistons in 
the master brake cylinders. Cylinder pistons 
force hydraulic fluid from the master cylin- 4 
der under pressure to operate the wheel 
brakes. 
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Figure 51. - Wheel brake system - Component Jccdtion diagram. 



Brake 



v 

(See figure 54 and 55.) Each braJte is 
a single cavity, s elf -^ad justing disc-type 
brake. Braking action is provided by hy- 
draulically clamping the brake disc between 
the x piston lining an4 anvil linings retained 
in the brajce housing. The anvil linings 
are stationary, but j:he piston linings are 
hydratilically operated. 



Parking Brake Valve 



The mechanically operated * valve (fig- 
ure 56), in the brake lines between the 
master cylinders and wheel brakes, traps 
hydraulic fluid pressure to the wheel 
brakes. When actuated by the parking brake 
handle, a cam in the valve turns to block 
the ports to the* master cylinders and opens 
ports to the accumulators. The accumula- 
tors are spring-loaded valves which compen- 
sate for oil volume changes due to tempera- 



ture variatiors. In the off position, 'hy^ 
draulic fluid freely flows through the val- 
ve. Access to the valve is through the nose' 
door. 



Parking Brake Handle 

The parking brake handle, on the right 
side of. the center console, is a straight 
pull' type. The parking brake is set by de- 
pressing the brake pedals and holding the 
PARKING BRAKE handle up until the brake 
pedals are released. The PARKING BRAKE hand- 
le is released by applying brake pedal pres- 
sure • Brake handle operation actuates the 
parking brake valve switch,' which illumi- 
nates a green PARKING BRAKE capsule on the 
caution/advisory panel. 

RAMP SYSTEM 

The ramp system ^figure 60) consists 
of the • forward and aft camps, ramp cylin- 
ders, uplock cylinders, control »valves, 
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Figure 54. - Wheel brake. 
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Figure 55. - Checking brake wear. 
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Figure 56. - Parking brake valve. 



AFT RAMP switch on either panel is positioned to 
OPEN, an electrical circuit is completed to the 
solenoid in* the downside of the aft ramp control 
valve (17). When the solenoid valve is actuated, 
hydraulic pressure through the valve actuates the 
ramp uplock cylinder (7) to unlock the ramp, and 
actuate? the aft ramp cylihders (10) to lower the 
ramp. The ramp UP-LIMIT switch is tripped, de- 



energizing the forward ramp interlock relay to 
^complete a potential circuit from the OPEN con-, 
tact of the FWD RAMP switch to the solenoid of 
the forward ramp control valve (3), so the forward 
ramp may be opened. Also, a circuit is completed 
to the RAMP light on the caution/advisory panel 
and to the AFT RAMP OPEN indication lights on 
both ramp control panels. 



85 



81 



When the AFT R^MP switch on either 
panel, is positioned to CLOSE, an electri- 
cal circuit is completed to the solenoid 
o*f the upside* of the aft ramp control valve, 
and the aft ramp interlock relay becomes 
energised. When the 'solenoid is actuated, 
hydraulic pressure through" the valve ac- 
tuates the aft ramp cylinders to close the 
aft ramp* . When the ramp is fully up, power 
to the RAMP light on the caUtion/advisory 
panel and to the AFT RAMP OPEN indicating 
lights' on p both ramp control panels is dis- 
rupted by the energized aft ramp interlock 
relay, and the forward *ramp interlock relay 
is energized* The relay prevents opening 
the forward ramp, unless the aft ramp is 
open, by disrupting power to the solenoid 
o»f the down side of the forward ramp control 
valve* 



isToc 



When the aft ramp is\ open, position- 
' ing theT FWD RAMP switch on either ramp con- 
trol panel to OPEN completes an electrical 
circuit to the solenoid' of the downside 
of the forward ramp control valve. When 
the solenoid is actuated, hydraulic pressure 
^through the valve actuates the forward ramp 
cylinders to open the ramp and close the 
contacts of an internal, switch in the for- 
ward ramp cylinders, illuminating the RAMP 
light on the i caution/advisory panel and 
1 the FWD RAMP OPEN indicating lights on both 
ramp^ontrol panels. ' * 

when tie „FWD RAMP, switch on either 
panel is positioned to CLOSE, an electri- 
cal circuit is completed to the solenoid 
of the ut*sKcle of the forward ramp control 
valve. When the solenoid is actuated, hy- 
draulic, pressure through the valve actuates 
the forward ramp cylinders to close the 
forward ramp and open the contacts of the" # 
internal switch, .interrupting power to the 
RAMP light on the caution/advisory panel 
and to the FWD RAMP OPEN indicating lights 
on both ramp control panels. 

In flight, safety cables are attached 
to the aft ramp to hold-' the ramp in a hori- 
zontal position. If the aft ramp strikes 
a ground obstacle, it will stay at the new 
position because one side of the ramp cylin- 
ders is open to return. When- the aft ramp 
is being opened, hydraulic pressure posi- 
tions a shuttle valve (9) to" direct pressure 
to the aft ramp uplock cylinders to unlock 
the aft ramp. Pressure is also directecL 
to the aft ramp cylinders (lOl to lower 
the aft ramp. When the aft ramp is being 
closed, hydraulic 'pressure is directed to 



the aft ramp cylinders to close the ramp. 
Hydraulic pressure also repositions the 
shuttle valve to direct pressure to the aft 
ramp * uplock- cylinders to keep the uplock 
cylinders unlocked until ^the aft ramp is 
closed* The aft ramp uplock cylinders are 
hydra ulically released and mechanically 
latcrfed. The forward ramp cylinders incorpo- 
rate uplocks which lock the ramp in the 
'closed position. The uplocks are mechanical- 
ly latched and released by hydraulic pres- 
sure. Restrictors are in the forward and aft 
ramp hydraulic systems to control the rate 
at which the ramps open and close. 

- In. the event of an electrical or hy- 
draulic failure, the aft ramp may be opened 
manually. To open the aft ramp manually 
from inside the helicopter, pull the handle 
attached to the ' manual shutoff valve for- 
ward. When *the handle r is positioned for- 
ward, the manual shutoff valve* ( 15) is ac- 
tuated to vent the aft ramp cylinders, and 
a cable attached to the handle (5) actuates 
a handle attached to the uplock cylinder 
to unlock the aft ramp. The ramp will open 
by its own weight., The aft ramp may be open- 
ed from outside the helicopter by removing 
the handle from the stowage container ser- 
cured to the aft fuselage and pulling the 
handle down. The outside handle is connec- 
ted by a cable to the handle attached to 
the manual shutoff valve. The forward ramp 
may be opened by * simultaneously pulling 
up on " the manual override hartdles on top 
of the forward ramp cylinders. ^ The ramp » 
will open by its -own weight, and the rate 
Of opening will be controlled by a restric- 
tor. Hydraulic power for the\ramps issup- 
plied by the utility hydraulic system at 
3,000 psi presiure. 



EQUIPMENT COMPONENTS , v 



Ramp 



The ramp (figure 57), which consists 
of a forward" and aft- ramp, permits easy 
loading of personnel, wheeled vehicles, and 
cargo. The^ forward ramp, when lowered, acts 
as. a loading ramp and, when closed , in- 
creases cargo capacity by becoming a part of 
the floor* The aft ramp, when opened, acts 
as a • loading ramp and, when secured in a 
horizontal position by safety cables, .per- 
mits transportation of cargo too long to fit 
in" the cabin. The forward ramp cannot 
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1 Bolt, Washers, Nut, Cotter Pin 3 Upline Hose ( 5 Downline Hose 7 Bolt, Washers, 

2 Elbow, Nut. Ring, Gasket 4 Forward RampCylinder 6 Elbow, }4ut> Ring, Gasket Nut, Cotter Pin 

Figure 57. - Forward ramp cylinder. 



bo opened unless the aft ramp is opened* 
Tfte aft ramp may be opened while the heli- 
copter is in the air, on the ground, or 
w.iile afloat. When the, aircraft is airborne 
or on the water, the forward ramp cannot 
be opened. In the event of hydraulip or 
electrical malfunction, the aft ramn/may 
be opened by manual operation of a handle 
inside the cabin, or from a handle secured 
to the underside of the aft fuselage. In 
the event of hydraulic or electrical mal- 
function, the forward ramp may be opened 
by manual operation of a manual override 
handle N on each forward Vamp cylinder. Ramp 
operation is controlled by the cocjcpit and 
crew rajnp control panels. 



Forward Ramp Cylinders 

The forward ramp cylinders (figure 57), 
mounted vertically within the aft fuselage 
section, are attached to fittings on $he aft 
outboard sides of the forwanf ramp and to 
fittings on the aft fuselage section. The* 



forward ramp cylinders open and close the 
forward ramp when actuated by hydraulic 
pressure. In the event of hydraulic failure, 
the cylinders may be actuated to lower the 
forward ramp by operation of the 'manual 
override, handle on each cylinder. 

Aft Ramp Cylinders 

The aft* ramp cylinders (figure 60, 
item 10), mounted horizontally in the for- 
ward ramp and connected to the forward end 
of the aft ramp, open and close, the aft 
ramp when actuated by hydraulic pressure. 
Access ^to the cylinders is gained through 
two access covers %on the botton of the for- 
ward ramp. 

Aft Ramp Uplock Cylinders * \, 

.The aft ramp uplock cylinders (figure 
60, item 7), on each side of the aft fuse- 
lage section, unlock the aft ramp when ac- 
tuated by hydraulic pressure. In event of 
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\ Side 

2 Pulley 

3 Block 

4 Sldt 

0 Bushing * 

0 Block 

7 Rlvett ' ' 

6 Bolt, Washers, Nut 

0 RlveU 

10 Pin 

11 Bolt, Washers, Nut 
I? Handle 



00 

w 



13 Bolt, Washers, 6 Nut 

14 Bolt, Washere, Nut, Bushing 

15 Spring 
10 Cable 

17 Sleeve 

18 Sleeve 
10 Sleeve 

20 81eevs 

21 Cable 

22 Sleeve 

23 Turnbuckle, Fork, Clips 

24 Ptn, Washer, Cotter Pin 



20 Turnbuckle, Fork, Clips 

20 Pin, Washer, Cotter Vtn 

27 Turnbuckle, Clip 

26 Pin (Typical) 

20 Bolt, Washers, Nut (Typtcal) 

30 Pulloy (Typical) 

31 Cable 

32 81eey« 

:I3 Pin, Washer, Cotter Pin 

11 Cable 

IS Sleeve 

10 Turnbuckle, Clips 
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Figure 58. - Aft ra»p manual release aystca - disassembled . ~~ • • \ k • x 
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NO. I SOLENOlO 




Solenoid 

Washer 

Rod 

SUde 

Spring 

Cap-Retainer 



7 Plunger 

8 Stop 

9 Packings 
10 Body 

ston 
12 Screv. Nut 




13 Mounting Bracket 

14 Naxneplate 

15 Screw, Washer, Nut 

16 Cap 

17 Packing 

18 Sprinfe 



19 Stop 

20 Piston 

21 Bracket 

22 Screw, Washer, Nut 

23 Connector 

24 Insulated Tubing 



Figure 59. - Ramp control valve. 



hydraulic failure , the uplock cylinders may 
be manually operated by a handle in the 
cabin or a handle outside the helicopter. 
The cabin release handle at the manual 
shutfcff valve and the* outside release handle 
in the -storage container on the aft fuselage 
are connected to the handles on the aft ramp 
uplock cylinders by a system of cables and 
pulleys. 



Aft Ramp Manual Uplock 

"^Release System m 

% > - 

The manual uplock release handles (fig- 
ure 58), one on the right internal side 
of the aft fuselage . section and one on the 
right external side of the aft fuselage 
section, permit mechanical release of the 
aft ramp uplock cylinders when electrical 
or hydraulic power is not available. The 
external handle is stored under a cover 



is actuated to vent the aft ramp cylinders, 
the aft ramp will lower by its own 
ight. A restrictor in the actuating system 
hydraulic lines provides a snubbing action 
so the ramp; will lower "Smoothly and slowly. 



Aft Ramp Control Valve 

The aft ramp 1 control valve- (figure 
59), on the right cabin wall above the. for- 
ward ramp, is a four-way solenoid operated 
valve , Jfhen either solenoid of the aft con- 
trol valve is energized, hydraulic pressure 
is directed to the aft ramp cylinders to 
open or close the aft ramp. 



when,. not s iri use, 



_ When either of the two 

release nandles are actuated, the uplock 
cylinders are released, a shutoff valve 



Forward Ramp Control Valve 



The forward ramp control valve (fig- 
ure 59), • on the right cabin wall above the 
forward ramp, is a four-way solenoid opera- 
ted valve. When either solenoid of the valve 
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is energized, hydraulic pressure is directed 
to the forward ramp cylinders to open or 
cloie the forward ramp. 

Check Valves 

One check valve (figure' 60), is on the 
f tee on the aft ramp control valve. This 
' check valve allows hydraulic pressure to 
flow to the upline side, of the aft ramp 
cylinder from the aft ramp control Valve 
to close the aft ramp. When the aft ramp' 
is opening, the checks valve prevents the - 
aft ramp cylinders from venting directly 
to the shuttle valve and t"o the aft ramp 
control valve. A check valve installed on 
the bottom tee, between the ramjj upline 
and downline, and aft of the aft ramp PPn- 
trol valve allows hydraulic pressured to ' 
flow to the upline and downline whenjthe 
aft ramp is opening. When the aft ramp is 
closing, the check valve prevents hydraulic 
pressure entering the downline.. A check 
valve installed on the elbow on the relief 
valve and the forward ramp upline allows 
hydraulic ' pressure f rota the relief valve 
to vent to return when the forward ramp 
is opening. When the forward ramp is clos- 
ing, the check valve prevents back pressure 
on the relief valve. 



Shutoff Valve 



Relief valves 



A relief valve in the forward ramp 
system (figure 60, item 4) with a cracking 
pressure relief of approximately 330 psi 
is on the right wall above the forward ramp. 
When the forward ramp is opening, the relief 
valve allows the forward ramp cylinders 
to vent hydraulic pressure to the forward 
ramp control valve. When the forward ramp 
i*s stopped by an obstruction in the line 

^during the opening <JVcle, hydraulic pressure 
to the forward cylinders is directed through 
the relief valve to the return line. A re-* 
lief valve in the aft ramp system with a 
cracking pressure relief of approximately 
3,200 psi is on the right wall above the 
forward ramp. When the aft 4 ramp *is opening, 

• the 3,000 psi hydraulic prefcaiire actuating 
the aft ramp cylinders opens the relief 
valve to allow the aft »amp cylinders to 
vent hydraulic ^pressure. 

Restrictors 



Five restrictors (figure 60), three 
two-way and two one-way, are on the^right 
wall above the forward ramp. The restric- 
tors ^ control the rate-of-speed of ramps 
during opening or closing and dampen out 
hydraulic pressure surges', N 




ih shutoff valve (figure 60, item 
IS) ilk on the right wall above the forward 
ramp./ When the shutoff valve handle is pul- 
' forward, the valve is actuated to vent 
aft ramp cylinders. The ramp then can 
be lowered manually, and the aft ramp will 
lower 'under its own weight. 



Shuttle Valve 



The shkl€tlk valve (figure 60, item 9), 
on^ the ri^ht yrall above the forward ramp, 
allows hydraulic pressure to release the 
aft ramp uplock cylinders when the aft ramp 
is opening. When the aft ramp is closing, 
the valve is hydraulically repositioned to 
allow downline hydraulic pressure to main- 
tain the aft ramp uplock cylinders in the, 
unlockea position until the aft ramp is 
closed. 



HOIST SYSTEM 



The hydraulically operated system 
(shown in figures Gil ancj 63) consists of a 
hoist, motor, control relay, hoist control 
panel, accumulator, circuit tester, and pi- 
lot and crew control switches. The system 
receives' power from * the utility hydraulic 
system at 3,000 psi and can be controlled 
from the cockpit or at the crew- station at 
the personnel door. The pilot operates the 
hoist by positioning the HOIST MASTER switch 
on the overhead control panel to PILOT, and 
can extend or retract the cable by operating 
the HOIST UP/DN switch on the collective 
control stick grip. When the pilo^pperates 
the hoist, the speed* of the hoist is limited 
to lOQ^feet per minute. To use the rescue 
hoist crew station, the operator positions 
the HOIST MASTER switch on the overh^ 
control panel^^jo CREW and rotates the manij 
speed control valve handle in either the tit 0 ** 
or DOWN direction, or Impositions the crew 
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CW* S*« *» AND TEST $»ITCHfS 

Ftguiro 61. - Rescue hoist 

switch to UP or DOWN. Using the mahual speed 
control valve, the hoist operator can vary 
the speed of the hoist from 0 to 200 feet 
per minute, depending upon the amount of 




HOIST COMTJTOL PANEL 

component location diagram. 

rotation of the handle. Using the hoist crew 
switch,, the • operator < can operate the hoilt 
at only 100 feet per minute. Limit switches 
-on -the hoist stop the hoist ^at full extend 
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and full retract. An intermediate switch 
limits the hoist to a speed of 100 feet-per- 
- minute When 5 to 7 feet of «able remain from 
the fully extended or retracted position. A 
built-in guillotine circuit permits shearing 
of the hoist cable in event of cable ground 
fouling. Separate HOIST CABLE SHEAR a/itches 
exist for the pilot and * hoist operator. 
Faulty wiring in the guillotine circuit 
can be detected by the circuit tesjer. 

EQUIPMENT COMPONENTS 



Hoist 



The hoist (figure 63) is installed 
on a fixed support over the "cargo door. 
Maximum loads are 600 pounds when lifting 
and 600 pounds when lowering • The hydraulic 
motor drives the cable drum which can reel 
in or pay out 240 feet of 3/16-inch diameter 
corrosion-resistant steel cable. The self- 
energizing type brake enables the operator 
to stop the cable at any desired length 
and hold it in place, with or without a 
a load* The drum and brake housings are 
partially filled with oil for lubrication 
and (Jboling. The level wind mechanism dis- 
tributes cable evenly on the reel, and limit 
, switches provide automatic stopping of the 
hoist at extreme upper and lower cable posi- 
tions. An intermediate limit switch actuates 
the flow control valve to limit the speed 
to 100 feet per minute when the cable is 
about 5 to 7 feet from full' extend or re- 
tract. A ballistic-type guillotine cartridge 
permits shearing of^ule hoist cable in case 
^ of emergency. An oil filler hole and sight 
gage on the hydraulic motor-end of the hoist 
housing are used for servicing the hoist. 

v. 

NOTE 



Hoists are rated at 550 pounds 
capacity with a minimum speed of 182 
feet per minute. 

Hydraulic Motor 



The piston-type hydraulic motor on the 
rescue hoist drives the cable drum to reel 
in or pay out the hoist cable. The motor is 
hydraulically driven, at 3,000 pai, by the 
utlilty system. 
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Hook And Handwheel 

\ 

A hook and handwheel, attached to the 
hoist cable, serves as a hand grip during 
rescue operations and as a positive engaging 
cargp hook. 



Hoist Control Panel 



The hoist control panel (figures 61 
and 62), aft of the personnel door, is in- 
corporated in the rescue hoist system and 
allows the crewman to operate the hoist 
at variable speeds. The panel consists of 
a manual speed control valve, shutoff valve, 
flow control valve, directional control val- 
ve, flow r regulators, relief valve, and the 
necessary hydraulic lines and fittings. DC 
power tot the electrically operated valves 
is supplied by the DC primary bus through 
the RESCUE HOIST circuit breaker on the 
overhead control panel. 



Manual Speed Control Valve 

The valve (figure 4 62, item' 38), on 
the lower forward area of the hoist control 
panel, is operated manually to vary the 
speed of the hoist and to select direction 
of hoist rotation. Positioning the handle 
to UP or 'DOWN, up to 90° from center, pro- 
gressively increases the speed of the hoist 
by gradually opening the valve. Microswitch 
contacts in the control, close at 3 to 5 
degrees rotation of the handle from center, 
to direct electrical power to the direction- 
al control valve. 



Shutoff Valve 



The solenoid-operated valve (figure 62, 
item 20), on the upper, center area of the 
hoist control panel, provides a bypass a- 
round the manual speed control valve to 
enable the pilot to operate the hoist at a 
fixed speed. 



Flow Control Valve 

The three-way solenoid-operated valve 
(figure 62, item 23), located on the middle 
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1 Elbow, Nut, Picking! 13 

2 Elbow, Nut, Picking! 14 

3 Tub« 15 

4 Bolt!, Wuhiri, Null 10 

5 Directional "Control 17 
ValVa 18 

0 Tub* * '19 

7 Elbow, Nut, Picking! 20 

•8 Tub* 21 

9 R*liaf Valva 22 

10 Clamp 23 

11 Bolt, Waahar, Nut' 24 

12 Elbow, Nut, Picking! 25 



Tub! 

Elbow, Nut, Packing! 27 
Plat! 

Plata 28 

Elbow, Nut, Packing! 20 

Plata 30 

Elbow, -Nut, Packing! 31 

Shutoff Valvf A 32 

Plug, Packing • >33 

Elbow, Nut, Packing * 34 

.Flow Control Valva 35^ 

Bolt!, Waahar!, Nut! 30 
Tub*^ ~ ^ 



20 Elbow, Nut!, Packing! 37 



Elbow, U»ion, Nut!, 
Packing! 
Flow Regulator 
Union, Packing 
Flow Regulator 
Union, Packing 
Tuba 

Taa, Nut, Packing! 
Taa. Nut, Packing! 
Tub* 
Tub* 



38 
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40 
41 

42 
43 
44 
45 

.40 



Figure 62. - Hoist control panel. 



Bolt!, Waahar!, Nut!, 
Manual Control Valv* 
R*ducar, Elbow, Nut, 
Packing! 
Plat* 

Raducar, Taa, Nut, 
Packing! 

Plata / 

Tuba 

Tub* 

Plata 

Hoiat Control PanaV*- 



aft area of the hoist control panel, con- 
trols hydraulic fluid to the flow regula- 
tors. * v - 



Flow Regulators 



fluid is routed through the. low flow re- 
gulator, permitting the hoist to operate 
at 1W> feet per raimite. When the^lioist is 
operatedVwith the manual control valve, 
hydraulic* fluid is routed through/the high 
-tflow regulator, permitting the hoist to 
operate from ^zero to 200 feet per minute. 



Two flow regulators (figure 62, items 
28 and 30), on the hoist control panel, 
regulate ma ^ mtim speed of the hotst motor 
by limiting the flow of hydraulic fluid. 
When the hoist is operated by the pilot, 
or with the crew hoist switch, hydraulic 



^Relief Valve 



\ 



The relief valve (figure 62, item 9), 
on top of the hoist control panel, has a 
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Figure 63. - HH-3F hoist assembly. 



225 psi cracking '"pressure. When the hoist 
is being extended, the relief valve creates 
a back pressure in the return line to allow 
smooth operation of the hoist brake. 



The restrictor, on the accumulator, 
regulates the accumulator discharge rate 
when the hydraulic hoist motor is acutated. 



Accumulator 



Circuit Tester 



* An accumulator, on top of the hoist 
support, maintains constant pressure to en- 
sure the hoist brake disengages during cable 
extension. The accumulator is charged with 
200 psi air pressure. 

Restrictor 



The circuit tester, aft of the per- 
sonnel door, is incorporated in the rescue 
hoist guillotine circuitry. The circuit - 
tester contains a HOIST SHEAR CIRCUIT TEST 
switch, marked FIRE and TEST. The circuit 
tester is used to determine if the guillo- 
tine system wiring is faulty. 
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REVIEW 



To complete a pre flight /post flight on the HH-3F, the flight mecha- 
nic must have a working knowledge of the wheel brake system, the ramp 
system, and the hoist system. This section was designed to give you 
this knowledge. " 

(Now answer the following review questions.) 



42. Which statement 
brakes is TRUE? 



concerning aircraft 



1. 

2. 
3. 

4. 



pedals will operate 
's pedals will operate 



The pilot ' s 
the brakes 
The copilot's 
the brakes 

Both the pilot and the copilot 
can apply pressure to the brakes 
simultaneously " 

The parking brake is released by 
rotating the release handle 90 
degrees * 



A. 
B. 
C 
D. 



1 and 2 

2 and 3 

3 and 4 
1 and 3 



43. Which of the following serve(s) as 
a shuttle valve to control brake pressure 
between the master cylinders and the main 
wheel brakes? 

A. Sequence valves 

B. Mixer valves 

C. . Master cylinders 

D. Parking brake valve 

44. In the parking brake system, any pres- 
sure buildups due to temperature variations 
are bled off by the ^ 

A. parking brake valve 

B. master cylinders 

C. relief valves 

D. accumulators 

45 . Pre ssurized hydraulic fluid passe s 
through which components when you raise the 
aft ramp? 

1. Shuttle valve 

2. Uplock cylinders 

3. Mechanical latches 

4. Res trie tor 



42. -A Two alav'e mixer valves in the 

brake lines prevent simultaneous 
operation of the pilot's and co- 
pilot's brakes. (Refer to page 81) 



43. -B (Refer to page 81) 



44. -D These are spring- loaded valves 
which compensate for oil volume 
changes. (Refer to page 82) 



45. -D (Refer to page 86) 



A. 
B. 
C. 
D. 



1 and 2 only 
3 and 4 only 
2, 3, 
1, 2, 



and 4 only 
3, and 4 
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46. Which statement concerning ramp opera- 
tion i* TRUE? 



ramp can 



be opened 



can be opened on 



A. The forward 
in flight 

B. The aft ramp 
the water 

C. The forward raapjaust be unlocked 
before the aft ramp can be opened 

D. The' forward ramp can be opened 
on the water 

47. When lowered manually, the aft ramp< 

lowers at a slow rate because of a 

in the system. 

A. check valve 

B. snubber 

C. control valve 
< D. restrictor 

48. Assume that the forward ramp is lower- 
ed. If you continue to apply DOWN pressure 
to the forward ramp, you will . 



46. -B (Refer to page 87) 



47. -D (Refer to page 91) 



48. -B (Refer to page 92) 



49. 
by 



A. 
B. 



damage the ramp 

cause no damage because of a re- 
lief valve that cracks at 330 
psi 

cause the control circuit breaker 
tc pop 

cause no damage because of a re- 
lief- valve that cracks at 3,200 
psi 



The rescue hoist system is operated 
pressure from which hydraulic system? 



A. Utility only 

B. Auxliary only 

C. Primary 

D. > Either the utility 

iliary 



or the aux^ -1 -^ 



50. The MAXIMUM speed at which the hoist 
can be operated by using the crew switch 
is 



feet per minute. 



49. -A The utility hydraulic system 
supplies the hoist, ramp and 
landing gear. (Refer to page 92) 



50. -A (Refer to/page 95) 



A. 100 

B. 182 

C. 200 

D. 240 



51. Which component controls th« maximum 

speed of the hoist? * 51.-U 

A. Flow control valve 

B. Restrictor/^ 

C. Relief valU 

D. Flow regulator 



This allows a maximum speed 
of 200 ft. per minute with the 
manual speed control. (Refer 
to page 97) 
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52. The hoist control relief valve has 52. -C (Refer to page 98) 
a cracking pressure of P«i* 

A. 475 

£ 200 * 

C. 225 

D. 250 
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AUXILIARY POWER UNIT AND ENGINE FIRE DETECTION SYSTEM 




1. 
2. 
3. 
4. 
5. 
6. 



OBJECTIVES 

Whoa you complete this section, you will be able to: 

Describe the auxiliary power unit. 

Identify and define the components of the APU. 

Summarize the hydraulic start system of the APU. 

Describe the APU fire extinguishing system. ^ 

Sunarize the fire detection system. 

Outline the APU start/run checklist. 



AUXILIARY POWER UNIT 



% The. auxiliary power unit (APU) consists 
of a turbine, hydraulic start motor, drive 
shaft, clutch, adapter, fuel system, control 
panel, accumulator, ignition exciter, and 
electrical wiring (figure 64). The APIT ena- 
bles ground operation of the helicopter's 
electrical and hydraulic systems. A mecha- 
nical drive from the turbine through the 
adapter drive shaft laid clutch to the main 
gear box rear cover permits operation of 
the main gear box accessory section. Hydrau- 
lic power for starting the APU is supplied 
by the air-charged accumulator to the hy- 
draulic starter motor. Hydraulic fluid \s 
supplied by the utility hydraulic system 
fluid tank. Fuel for the APU is drawn from 
the aft main fuel tank, and consumption' 
of fuel is approximately 76 pounds per hour. 
Sensing devices for low oil pressure, high 
turbine exhaust temperature, and overspeed 
conditions provide automatic shutdown of 
the APU in case of malfunctions. Elec- 
trical power* for the APU start circuit is 
supplied by the DC PRI BUS. 



ELECTRICAL OPERATION 



The sequence of operations in the APU 
is controlled by switches and relays in 
the APU CONTROL panel. The PRI-PUMP warning 
light illuminates until the prime fuel pres- 
sure switch opens at 2 psi. Hydraulic fluid 
under pressure from the accumulator turns 
the start motor, cranking the turbine en- 
gine. The fuel pump operates as the turbine 



is being cranked. When fuel pressure reaches 
110 psi, the fuel pressure switch opens. 
When the turbine has accelerated to 90 per- 
cent of its rated speed, the 90 percent 
speed switch ppens. At this time Jftie start 
valve closes, the start fuel val<* closes, 
the ignition unit i^de-energiied, and the 
APU is operating. The turbine is shutdown 
automatically under conditions of low oil 
pressure, overspeed, or high exhaust temper- 
ature. The oil pressure twitch will open 
at pressures of less than 6 psi. Similarly, 
the 110 percent speed switch will open at 
speeds in excess of 110 percent of rated 
speed. Exhaust temperature is monitored by 
the thermal switch. 



TURBINE ENGINE 



The centrifugal flow-type turbine en- 
gine, rated at 65 to 70 horsepower, consists 
of a turbine, combuator, reduction drive, 
accessory section, and associated wiring 
and plumbing . The turbine and combustor 
generate torque necessary to sustain engine 
operation and to power the reduction drive 
and accessory section. The reduction drive, 
through an arrangement of gears, provides 
the necessary shaft speeds for generator 
and main gear box accessory operation. The 
accessory section of the turbine engine, 
mounted on the reduction drive, contains 
components' necessary for engine operation 
and control* The turbine engine incorporates^ 
an integral lubrication system: the supply ^ 
is contained in the reduction drive. 
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Figure 64. - Auxiliary power unit. 



TURBINE ENGINE OPERATION 



Air drawn through the intake by che 
impeller is centrifugally compressed 1 and 
• passed through the dif fuser .into the cam- 
*bustor> where? the air is mixed with fuel 
from the fuel injectors. The resulting fuel- 
air mixture is ignited and burned. Expanding 
gases ^.are directed out through the turbine 
nozzle, to the turbine wMel, and tijerr 
vented thorough the exhaust into the atmo- 
sphere* The rotating turbine wheel, in turn, 
drives the compressor impeller and output 
shaft* During the starting cycle after the 
fuel pressure switch opens tllO + 5 psi), 



fueJL from the start fuel nozzle and the main 
fuel injectors is ignited by the spark plug. 
At 90 percent speed, the start fuel nozzle 
and ignition ' are turned off by opening the 
speed switch. Combustion continues as lgng 
as fuel flows .from the main fuel injectors. 

Turbine , 

% The turbine consists of a turbine hous- 
ing, diffuser, turbine nozzle, and a com- 
bination impeller and turbine wheel. The 
turbine iwzzle is cooled by air flow around 
the aft xnternal edge of the diffuser 



through 
plate . 



holes Jtn the turbine nozzle forward 
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Combustor 

Jhe annular-type combustor (figure 65) 
consists of ♦a housing,, liner* and^ nozzle 
shield. The housing and liner form a passage 
through which compressed air from the impel- 
ler is directed into and around the combus- 
tion area for combustion and cooling. This 
compressed air also passes through deflec- 
t6rs in the liner for cooling, and to center 
the flame. The nozzle shield protects the 
turbine nozzle from /the effects of combus- 
tion s axid directs the. flow of cooling air. 
Fuel is supplied through six. equally spaced 
fupl injectors on the combustor housing. The 
compressed air mixes With the 'fuel and is 
ignited, ^if there is n9\ignition after fuel 
is sprayed ;Lnto the liner, a drain for 
unburned fuel is provided on the lower 
center section of the housing. The expanding 
gases impinge on the turbine wheel and are 
then ducted to exhaust. i 




r 

i Figure 65. - Combustor. 
deduction Dri^ve < . ^ 1 

The reduction drive is a system of 
gears which steps down the 56,700 rpm tur- 
„bine speed; to speeds required by the acces- 
sories. Th< reduction drive turns the APU , 
drive shaft at 8,000 rpm and provides a . 
4,118 rpm output to the accessory section. 
The , reduction drive also contains the tur- 
bine engine lubricating oil ^supply, ^oil 
pump, and oil filter. 

-Oil Filter 

The oil filter, on the right side of 
the reduction drive, receives oil under 




Figure 66. - Fuel control. 

pressure from the oil pump and filters it 
prior to reaching the lubricating points. 
If the filter element clogs, a relief valve 
in the filter element cap unseats at 15 
to 25 psi and bypasses the oil through a 
passage in the filter element .cap, to the 
filter outlet passage. 

Accessory Drive 

The^ accessory 4 drive is a twoJ-piece 
four-pad" magnesium housing containing an 
accessory drive gear, idler gear, and start- 
er gear. The housing halves are bolted 
together and' attached to the top of the 
reduction drive. Accessories are mounted on 
three pads of the housing. The fuel control 
and speed switch, mounted on opposite pafls, 
are coupled tb the accessory gear drive 
shaft . The tachometer-generatpr is mounted 
in tandem with the speed switch. The start 
motor is mounted on the remaining pad. The 
junction box is also mounted onthe acces- 
sory drive. 

Fuel Control 

Xfte f uel control (figure 6,6), on the 
acc\e/ssory section of the turbine, consists 
of \t fuel pump and -a control assembly. The 
gearVtype fuel pump supplies fuel pressure 
fa? Engine operation and contains the fuel 



filters. The control assembley has a rated 
speed adjustment and an acceleration adjust- 
ment, and consists of governor control com- 
ponents and valves. At full speed, the 
governor valve regulates fuel flow to main- 
tain the turbine at nearly constant speed. 
If, upon application of a load,- speed tends 
to drop, the flyweights increase fuel flow 
and thereby maintain constant speed. Simi- 
larly, increase in speed will be sensed 
by -the fly-weights, and the fuel flow will 
be reduced, thus decreasing engine speed. 
A minimu m flow needle, installed in the 
fuel passage that bypasses the governor, 
allows a small amount of fuel under pressure 
to flow to the main fuel "injectors even 
if fuel flow through the governor has been 
greatly reduced. , Setting the minimum fuel 
flow needle maintains an adequate fuel flow 
to sustain combustion during momentary over 
control by governor control components. 



Accumulator 



The accumulator (figure 68), mounted 
on the support brackets on the left side 
of "the oil cooler, is air-charged and pro- 
vides hydraulic pressure to start the tur- 
bine. The accumulator is initially charged 
with 1,600 psi air pressure. During Opera- 
tion of the utility hydraulic pump, the 
raised to 3,000 psi. When the 
i s opened , the pre s sure i s 
start the turbine. As soon as 
reaches operating speed and is 
driving the main gear box accessory section, 
the utility pump pressure recharges the 
accumulator with 3,000 psi pressure. 



pressure is 
start valve 
released to 
the turbine 



Start Valve 



Fuel Control Adjustments 



The fuel control (figure r 66) has a 
rated speed and an acceleration schedule 
adjustment. All fuel control adjustments 
should be made in small movements. No fuel 
control adjustments should be made until 
all other possible causes of malfunction 
have been investigated. • 

HYDRAULIC START SYSTEM 



The APU hydraulic start system consists 
\ of a start valve, accumulator (figure 68) 
\ start motor, and hariti pump. During starting 
J of the, turbine, the start valve is opened, 
allowing hydraulic pressure, built up by 

the air-charged accumulator, to act upon 

the start motor and crank the turbine. Hy- 
draulic fluid for the start system is sup- 
plied Cby the utility hydraulic system fluid 
tank. ^ 



The start valve, on the left side of 
the transmission deck outboard of the for- 
ward end of the accumulator, allows hydrau- 
lic pressure to reach the start motor when 
the valve i^ open. 



Hand Pump 



The pump 
manual hydra 
a pressure gage 
inside the 
forward of 
sill level, 
a vertical 




67.) cpnsists of a 
j, a pump handle, and 
on the pump. The pump is v 
cabin on the right structure, 
the aft cabin window, at window 
Tte pump handle is clamped in 
stowed position above the pump. 
The wing nut dn each clamp that secures 
the handle should always be wired; The 'pump 
is used to charge* the accumulator', when- 
ever the accumulator charge is insufficient 
to start the turbine, \t -54° C. (-65° F.) 
a pressure of approximately 2,000 psi is required 
to start: the turbine. A visual indication of pres. 
sure can be observed on the hand pump gage 
during pumping operations. 



Start Motpr 



Ignition Exciter 



The start motor, mounted on the acces- 
sory section, is used to 'crank the turbine 
during starting. When the start valval* 
opened, hydraulic pressure from the accumu-\ 
lator~ passes through the valve to the start 
motor. 



The capacitor discharge-type exciter, 
secured to a bracket on the turbine housing, 
converts the direct cjhrent input to a high 
energy alternating clJferent supplied^ the 
spark plug for ignitfbn. The output lead 
and terminal are integral\ga/ts of thi ighi- 
tion exciter. 
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Figure 67. - APU accumulator hand 



FUEL SYSTEM 



The APU fuel system is independeryt 1 
of the helicopter fuel system, except that^ — : 
it receives fuel through' a connection in 
the aft main fuel tank main line. The fuel 
valve, on the left side of the cabin above 
the floor forward of the aft fuel tank/ 
controls flow of fuel to the turbine. The 
fuel shutoff valve is electrically actuated 
by the master switch on the APU CONTROL 
panel. With the master switch at START or 
RUN, electrical power from the DC PRI bus 
opens the fuel valve. The prime pump pumps 
fuel to^the turbine only during the starting 

. 7 ItS 1Q7 



procedure. A 20-second time delay is used 
which permits operation of ^the pump for 
20 seconds. If the turbine does not start, 
the starting procedure* must be repeated. 
-The. PRI-PUMP PRESS warning light, on the 
APU CONTROL panel,, provides visual indica- 
tion if prime fuel pressure is less than 2 
psi. 



DRIVE SHAFT" 



The drive shaft extends from the clutch 
to the flange on the adapter. The drive 
shaft transmits turbine power to drive the 



/ 



i 





i>T> 



1 Elbraf^it, Ring, Packing 

2 Buifung, Packing 

3 Croat 

4 ChackValra, Packing 

5 Tuba 

0 Union, Nut, Ring, Packing a 

7 Clamp Half, Pad 

8 3c raw, Waafaar, Nut 



9 Accumulator 

10 Bolt, Spacar 

11 Strap, Pad 

12 Air Valva, Packing 

13 Gaga, Buahing, Packinga 

14 Fitting, Nut, Ring, packing 

15 Bolt, Body, Packinga, Nut 

Figur^1>8. - Accumulator. 



■10 Support 

17 Bolt, Waahar 

18 Clamp Half, Pad 

19 Clamp Half, Pad 

20 Tuba 

*21 Union, Packing 

22 Tuba 



main gear box accessory drive section. Flex- 
ible steel couplings are on each end of 
the drive shaft. 



CLUTCH 



of 



The clutch between the forward end 
the drive shaft and the accessory drive 



section of the main gear box, transmits 
power from the turbine to drive the gear 
box accessories. The clutch engages auto- 
matically when the turbine reaches 76 to 
80 percent speed. The centrifugal force 
of the clutch driving part mechanism causes 
the brake shoe to engage with the clutch- 
driven surface. An integral free-wheeling 
unit allows the main transmission accessory 
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section to be rotated at a higher speed 
than the APU, thus unloading the APU. This 
occurs when the main transmission is being 
rotated by the main engines. The clutch 
is lubricated by the oil supply of the main 
gear box. 



necessary to operate the APU. It consists 
of a master switch, warning lights, emergen- 
cy controls, tachometer, and seven relays. 



APU Warning Lights 



EXHAUST SYSTEM \ 

The system consists of a shroud, ex- 
haust stack, and exhaust temperature sensing 
system. The shroud and exhaust deflect heat 
away from the fuselage. The exhaust tempera- 
ture sensing system provides protective cir- 
cuitry for the APU system when the exhaust 
temperature exceeds its normal limits. 

Shroud And Exhaust Stack 



The shroud and exhaust stack deflect 
exhaust heat away from the fuselage. The 
shroud includes a front fire wall, front 
fire wall panel, rear fire wall, and exhaust 
shroud. The exhaust stack is mounted on 
the rear of the combust or. 



APU EXHAUST TEMPERATURE SENSING SYSTEM 



The APU exhaust temperature sensing 
system provides protective circuitry for 
the APU system when exhaust temperature 
exceeds 577° C. (1070° F»). The system con- 
sists of a turbine exhaust thermal switch 
mounted on the aft end of the combust or.. 
When the temperature exceeds maximum limit, 
the normally closed contacts open, initia- 
ting control circuitry which closes the main 
fuel solenoid valve eliminating fuel flow 
to the engine. 

Thermal Switch 

The. thermal switch is mounted on the 
combust or aft end with the sensing element 
projecting Into the turbine exhaust. When 
exhaust temperature exceeds maximum limit, 
the normally closed contacts open, initia- 
ting control circuitry which closes the main 
fuel solenoid valve thereby causing engine 
shutdown. 



Control Panel 



the 



The APU CONTROL panel (figure 69) on 
pilot console contains all the controls 



(See figure 69.) The PRI-PUMP PRESS, 
LOW OIL PRESS, HIGH EOT TEMP, and OVER-SPEED 
warning lights are on the *APU CONTROL panel. 
The PRI-PUMP PRESS warning light functions 
only during the first 20 seconds of the 
starting sequence and provides a visual 
indication of prime pump operation. The 
LOW OIL PRESS warning , light functions only 
after the APU turbine engine has reached 
905C speed. After a start has been made and v 
the unit is up to operating speed, if oil 
pressure is lost^the low oil pressure 
switch opens. fmen\the low oil pressure 
switch opens, the main/ fuel valve is closed, 
causing the APU>turbdji? engine to shut down 
and the LOW OIL PRESS warning light to illu- 
minate. If a high exhaust temperature oc- 
curs, relay K4 in the APU CONTROL panel de- 
energizes, closing the main fuel valve and 
illuminating the HIGH EXH TEMP warning 
light. If an overspeed condition occurs, 
relay K5 in the APU CONTROL panel de-ener- 
gizes, closing the main fuel valve and 
illuminating the OVER-SPEED warning light. 
(See table 3.) 




Figure 69. - APU control panel. 

AUXILIARY POWER UNIT F$RE DETECTION SYSTEM 

The auxiliary power unit fire detection 
system consists of five temperature sensing 
probes and FIRE WARNING capsules on the 



loi 



APU CONTROL panel , and caution advisory pan- 
el. The NO. 1 ENG/NO. 2 ENG b APU test 
switch, on the FIRE WARN TEST panel, is also 
used in this system. The temperature sensing 
probes contain normally open thermal switch- 
es which close at 232.2° C. (450° F.). One 
tempera ture sensing probe «is installed in 
the fuel control can, and four are installed 
around the combustion chamber of the APU. If 
one of the probes senses a fire or overheat 
condition, the switch contacts close, provi- 
ding a path to ground for the FIRE WARNING 
capsules, which will illuminate.' The temper- 
ature sensing probes are wired together, and 
the path to ground is through the probe 
homing, so that the probes are in parallel, 
electrically. The test switch provides a 
path to ground for the FIRE WARNING capsules 
through the APU fire detection test relay, 
when held in the test NO. 2 ENG b APU 
position, and tests the operation pf the 
light circuit. The FIRE WARNING capsules are 
press-to-test capsules and contain two lamps 
wired in paralled to provide protection 
against lamp failure. (See figure 69.) 



compartments. The control units monitor the 
impedance of the sensing loops which are run 
through potential fire zones of both engine 
compartments. Any large drop in sensing loop 
„ impedance, such as that caused by fire or an 
overheat condition, will activate the magne- 
tic amplifier in the control unit and in- 
crease current flow in the power winding of 
the 'amplifier. This will cause illumination 
of either the NO. -1 ENGINE br the NO. 2 
ENGINE FIRE EMER SHUT OFF SELECTOR handle, 
depending upon location of the fire; and the 
pilot's and copilot's FIRE warning lights on 
the instrument panel glare shield will illu- 
minate. As the temperature in the fire zone 
drops below the warning point, sensing loop 
.impedance increases, restoring the system to 
its original^ condition with all warning 
lights out. 



EQUIPMENT COMPONENTS 



Fire Warning Test Panel 



NOTE 

Helicopter modification T.O. 1H-3(H)F- 
563 added the capsule marked APU FIRE on 
the caution advisory panel. 
AUXILIARY POWER UNIT FIRE EXT INGUISHINCT SYS- 
TEM f 

The auxiliary power unit (AfU) fire 
extinguishing system (figure 70 ) consists 
of a charged container, discharge nozzles, 
an overboard discharge tube, and a thermal 
discharge indicator. The container, in the 
aft main rotor fairing structure, ii charged 
with CFjBr plus a nitrogen charge to propel 
the extinguishing agent into the APU com- 
partment. The forward discharge tu.be dis- 
charges into the APU fuel inlet pan. *The 
rear discharge tube discharges into the 
combustion section of the APU. A safety 
outlet in the container is connected to the 
red thermal discharge indicator. If contain- 
er temperature becomes excessive, the safety 
outlet opens, thermal discharge indicator 
seal is ejected, and the extinguishing agent 
is discharged overboard. 

ENGINE FIRE DETECTION SYSTEM 

The fire detection systems consist of 
engine fire warning lights, control units, 
sensing loops, and a test panel on the 
instrument panel. The systems provide a 
warning in the event of fire or excessive 
temperature rise in either of the engine 



The FIRE WARN TEST panel on the pilot's 
side of the instrument panel consists of 
a NO. 1 ENG/NO. 2 ENG, APU switch and an 
identification panel. The switch is used 
to test the No. 1 engine or No. 2 engine 
and APU fire detection components. The com- 
ponents consist of the pilot's arid copilot's 
fire warning lights on the glare shield, 
the NO. 1 ENGINE and NO. 2 ENGINE FIRE EMER 
SHUT OFF SELECTOR handle lights on -the over- 
head control panel, the -control units, and 
associated wiring. 



Fire Warning Lights 



''Two FIRE warning lights, 'pilot's. and 
copilot's, mounted on the instrument panel 
glare shield, illuminate when a fire or 
an overheat condition exists in No. 1 engine 
compartment or No. 2 engine compartment. 



Sensing Loops 



Six temperature-sensitive FIRE DETEC- 
TION ELEMENT sensing loops, three for each 
engine warning circuit, are used in the fire 
detection system.- A sensing loop consists of 
a sensing element, mounting connectors, in- 
terconnecting wires, and mounting clips. The 
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see STe* 2 



Figure 70. - APU fire extinguishing system. 



he me tic ally sealed, flexible temperature- 
sensing element consists of a center conduc- 
tor and an outer sheath with two end fit- 
tings. The space between the center conduc- 
tor and the sheath contains a silt which 
lowers its impedance when exposed tc^fire or 
an overheat condition* Upon removal of the 
heat source, the system will reset Automa- 
tically. The loops are secured to the sides 
of the engine compartments and service plat- 
forms. 



Control Unit 



is in the standby condition, the magnetic 
amplifier is balanced. In case of fire or 
overheat condition, sensing element impe- 
dance is sharply lowered. As a result, input 
impedance to the control unit is lowered, 
activating the magnetic amplifier. At a 
critical system impedance, increased current 
in the power winding circuit of the amplifi- 
er will cause lUisaination of the FIRE 
warning lights on the instrument panel glare 
shield . and the lights in the FIRE EMER SHUT 
OFF SELECTOR handles on the overhead control 
panel. 



Two fire detection control units (fig- 
ure 71), No. 1 and No. 2 ENO FIRE DET CONT 
UNIT, are installed on the cabin ceiling aft 
of the firewall valves. The control units 
are Impedance sensing devices designed to 
monitor Impedance changes in the sensing 
elements. Each control unit consists of a 
magnetic amplifier and test relay mounted in 
a hermetically sealed case. When the system 



Interconnecting CaSle 



The four fireproof interconnecting ca- 
bles have no heat sensing function and 
consist of >*nd fittings and protective in- 
sulation. The cables connect the sensing 
elements attached to the engine compartments 
and engine service platforms to the control 
units to complete the sensing loop. 
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1 Bolt, Wjuhtrf, NuU 



2 Flrt Defection Coatroi Unit 
Figure 71. - Control unit. 
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TABLE 3. APU START/RUN 



APU START/RUN CHECKLIST 



MINIMUM CREW TO RUN APU - 1 FIREGUARD 

1 COCKPIT OPERATOR 

PRE FLIGHT 



1. SIGHT CHECK APU COMP., INTAKE EXHAUST 

2. APU WORK PLATFORM - closed 

3. APU ACCESS DOORS - closed 

MINIMUM CREW TO COMPLETE CHECKLIST - TWO 
FIREGUARD MAY READ ALL ITEMS UP 
TO #33, THEN ASSUME FIREGUARD 
POSITION 

STARTING CHECKLIST (#1-3 FOR NIGHT ONLY) 
1 • BATTERY SWITCH - on 



2. COCKPIT LIGHTING CONTROL - 7 rheostat 
full * * c 

3. PILOTS. OVERHEAD MAP LIGHT - on & posi- 
tioned 

NORMAL DAYTIME PROCEDURES 

4. OVERHEAD CIRCUIT BREAKERS - set 

5. ENG ANTI-ICE - off 

6. WINDSHIELD ANTI-ICE - off 

7. SEARCH LIGHT - off 

8. ANCHOR LIGHT - off 

9. FUSELAGE LIGHT - off 

10. ANTI-COLLISION LIGHTS - off (2) 

11. POSITION LIGHTS - off 

12. CABIN HEATER - normal & off 

13. PITOT HEAT - off 

14\ WINDSHIELD WIPERS - off 
15. WINDSHIELD WASHERS - off 
16_ LOADING LIGHTS - off 
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17. EMERG LIGHT - arm 

18. NOSE GEAR - normal 

19. HOIST MASTER - off 

20. CARCO HOOK - off 

21. STICK TRIM MASTER - on 

22. CHANNEL MONITOR - off 

23. CONVERTERS (2) - on 

24. EXT PWR - off 

25. BATTERY - on 

26. GENERATOR SWITCHES (2) - on 

27. ROTOR BRAKE - on press mln 320 psi 

28. GEAR HANDLE - down/green lights 

29. PARKING BRAKE - set 
30 .* RAMP MASTER - off 

31. APU FUEL SHUT OFF - normal 

32. APU FIRE EXTINGUISHER - off 

33. APU START/RUN SWITCH - run 

CK FOLLOWING LIGHTS ON - high exch temp 

b overspeed 

PRESS TO TEST - prime pump pressAo* oil. 
press ENG FIRE WARNING TEST SWTRCH TO #2 
ENG/APU FIRE LIGHT ONLY 

34. FIREGUARD - in position 

35. APU START/RUN SWITCH - start position 

until Ng passes 
45*, then re- 
lease to run 



SECURE CHECK LIST 



36. 
37. 
38. 



39. 



APU CLUTCH ENGAGEMENT - 76 to 80* Ng 
HYDRAULIC PRESS GAGES (3) - press up 

Earning panel lights - tested 

following lights must be out - on warn- 
ing panel OONVS 1 - 2, GENS 1-2, PRI- 
HYD PRESS AUX-HYD PRESS XMISSN OIL 
PRESS & XMISSN CHIP DET - 
BATTERY - off 



1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 
10. 



BATTERY - on 
EMERG LIGHT - disarm 
APU START/RUN SWITCH - off 
COCKPIT LIGHTING CONTROL 



- 7 rheostat 
closed 



STICK TRIM MASTER - off 
CONVERTERS (2) - off 
GENERATORS (2) - off 
PILOTS OVERHEAD NAP LIGHT - off 
COCKPIT DOra LIGHT - off 
BATTERY SWITCH - off 



APU FIRE FIGHTING PROCEDURES - (obtain posi- 
tive indication of fire before firing 
EXTING) 

1 . APU EMERG FUEL SHUT OFF - shut-off 

2. APU FIRE EXTING - fire exting 

3 . APU MASTER SWITCH - off 

4. EXIT A/C ASSIST FIGHTING FIRE 

APU LIMITATIONS 



1. 

2. 
3. 
4. 



CLUTCH ENGAGEMENT - 4 - 6 seconds 
Ng TOPPING - 99* * plus* or minus 1* 
MOMENTARY OVERSHOOT - 110* Ng _ 
TOTAL TIME FOR START - approx' 10 sec 

(never exceed*fr8 

sec) 

ABORT START IF - 

a. No Ng indication 

b. Warning light on APU panel lit 

c. Warning lights cited in #38 lit 

d. APU limitation exceeded 

APU ADVISORY LIGHT ON WARNING PANEL on 
above 30* Ng 
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REVIEW 



In this section ve have discussed the auxiliary power unit, APU 
and engine fire detection systems, and APU fire extinguishing system. 
We have also covered the APU start/run procedures. 

(Nov complete the following review questions.) 



53. ' Fuel to operate the APU is taken from *53.-C . (Refer to^ page 103) 
the fuel tank. 

A. forward main 

B. forward aux 

C. aft main 

D. aft aux 

\ 

54. The APU start fuel valve is energized 54. -C (Refer to page 101) 
until the unit reaches percent of 

its rated speed. 

A. 50 

B. 75 

C. 90 

D. 100 

55. Holes are provided in the APU turbine 55. -D (Refer to page 104) 
nozzle forward plate to . 

A. lighten the turbine nozzle 

B. direct airflow to the 2nd-stage 
nozzle 

C. cool the turbine wheel 

D. , cool the turbine nozzle 

56. APU speed- changes are sensed in the 56. -A (Refer to page 106) 
fuel control by . 

A. flyweights 

B. a bellows 

C. a minimum flow needle 

D. an acceleration limiter valve 

57. The APU is started by a/an . 5 7. -D (Refer to page 106) 

A. electric motor 

B. air turbine starter 

C. electric starter 

D. hydraulic motor 1 

58. The APU clutch is engaged by . 5 8.-B (Refer to page 108) 

A. a solenoid 

B. centrifugal force 

C. a fixed connection 

D. oil pressure . \\ % • 
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59. The purpose of the. thermal discharge 59. T A This gives the aircrew a 

thB fiFe extin « ui3her s y stem % visual indication of- a di 

is to indicate . , , , n _ 

charged container. (Refer 

to page 110) 

A. that the container has discharged 
due to an abnormally high contain- 
er pressure 

B. that the container chemical has 
become overage 

C. that the container pressure has 
dropped too low to be effective 

D. the temperature of the chemicals 
within the container 

60. The two engine fire detection control 660. -C (Refer to page 110) 
units operate by detecting changes in elec- 
trical in the fire sensing elements. 

- A. ' inductance 

B. resistance 

C. impedance 1 

D. reactance 

61. The APU START/RUN switch is held in 61.-B (Refer to page 113) 
the start position until > Ug passes 

on the start cycle. 

A. 38* 

B. 45* 

C. 76* 

D. 80* 
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HEATING, VENTILATING, AND ANTI-ICING SYSTEMS 



r 



OBJECTIVE^ 

When you complete this secV^, you will be able to: 

1. Summarize the operation of the HH-JF heater system. 

2. Identify the heater system components and explain their func- 
tion. 

3. t Describe the windshield anti-icing system. 

4. Summarize tfie engine anti-icing system. 



HEATING SYSTEM 



The heating system (figures 72 and 
73) consists of a 200,000 BTU heater and 
its fuel, £ir,v ignition, and distribution 
systems, and the necessary electrical con- 
trol circuits. The fuel system supplies 
fuel for combustion, and the air system 
supplies air for combustion and ventilating. 
The ignition system supplies a continuous 
spark for ignition of the fuel-air mixture* 
The distribution* system distributes heated 
ventilating air throughout the cockpit and 
cabin and also permits heat flow regulation 
at any given location within the helicopter. 
Ventilating with the heating system is done 
by operation of the blower only. With the 
CABIN HEATER LOW, OFF, HIGH switch in the 
OFF position and the CABIN HEATER NORM, 
VENT blower switch in the VENT, position, 
the blower will force outside air through 
the otherwise inoperative heating system and 
into the helicopter. A conversion kit is 
available to convert the heating system 
into a ventilating system for warm weather 
operations* The kit consists of an adapter 
m which replaces the heater and forward adap- 
ter, covers to close the heater exhaust 
opening and the thermal switch openings , 
and associated hardware. 



ELECTRICAL OPERATION 



With the CABIN HEAT VENT and CONT and 
the CABIN HEATER BLOWER circuit breakers 
engaged and the CABltf HEATER LOW, OFF, HIGH 
switch in the HIGH or LOW position, power 
from the fan overrun relay energizes the 
blower relay and the blower starts. When 
sufficient air is being delivered/the air 



pressure switch closes. Power then flows 
through the time delay relay to energize 
the overheat relay. When the overheat relay 
is energized,^ power is supplied through 
the relay to operate the fuel pump, master 
fuel valve, and ignition unit. A circuit 
through the CABIN HEATER LOW, OFF, HIGH 
switch operates the^ heater control unit 
cycling valve through either of the nor- 
mally closed 65.6° C. (150° F.), or 140.6° 
C. (285° F.) thermal switches, depending 
on whether the CABIN HEATER LOW, OFF, HIGH 
switch is in the HIGH or LOW position. 

With the air-fuel mixture and ignitiow 
spark being supplied, the heater operates, 
supplying heated ventilating air for the 
cabin and cockpit and discharging exhaust 
gases overboard. The heater continues to 
operate until the proper normally closed 
thermal switch opens and de-energizes the 
control unit cycling valve to shut off fuel 
supply and ignition power to the heater. 
The blower still operates and as the plenum 
and crossover duct temperature drops, the 
proper thermal switch closes, to continue 
heater operation to maintain the desired 
temperature. 

If air in the plenqm chamber approaches 
unsafe temperatures, the normally closed 
176.7° C. (350 # F.) thermal switch opens 
and de-energizes the overheat ¥ relay. The 
overheat relay opens the heating system 
circuit to stop fuel flow and ignition to 
the heater, while the blower continues to 
operate to bring the plenum temperature 
down to jafe limits. If exhaust temoerature 
fails to reach 93.3° C. (200° F.) within 
45 seconds, heater operation is <Lso inter- 
rupted by the ignition sensing control relay 
circuit. Under these circumstances, or when 
the CABIN HEATER LOW, OFF, HIGH switch is 
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Figure 72. - Heating system - Component location diagram. 



in the OFT position, all power to the system 
is removed . except for the circuit through 
the normallyV&pen 48.9° C. .(120° F. ) thermal 
switch. This circuit bypasses the CABIN 
HEATER LOW, OFF, HIGH switch to continue 
blower operation until plenum duct tempera- 
ture is below 48. 9 # C. (120° F.) to provide 
safe cooling of the heater and proper ex- 
haust of combustion gases. 



EQUIPMENT COMPONENTS 



Heater Controls 



Heater controls (figures 72 and 73) 
consist of two switches: the CABIN HEATER 
LOW, OFF, HIGH, switch, and the CABIN HEATER 
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NORM, VENT blower 'switch on the, overhead 
control panel. The CABIfl HJ2ATER LOW, OFF, 
HIGH switch controls the .systea for HIGH 
or LOW heater operation, and the CABIN HEAT- 
ER NORM, VENT blower switch allows blower 
operation when ventilation only is desired. 

Heating System Relays 

Five relays, the fan overrun relay, 
blower relay, overheat relay, ignition sens- 
ing relay, 'and ignition control time delay 
relay, control the heater electrical system. 
The relays are on the heater relay panel 
in the aft fuselage. The fan overrun relay 
is energised when the CABIN HEATER LOW, 
OFT, HIGH switch has been placed in the 
HIGH or LOW position. The fan overrun relay 
controls the blower relay. The blower relay 

• ^ 
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<F£gur^ 73. - Heating system - schematic diagram. 



is energised by the* fan overrun relay an4 
through contacts in the fan overrun relay 
when* the CABIN HEATER NORM, VENT blow»r 
switch is in the VENT position, or by opera- 
tion ' of the 48^9° C. (120° F.) thermal 
switch • ^The blower relay controls power 
to the blower motor. The overheat relay 
is energized when the CABIN > HEATER LOW, 
OFF, HIGH switch is in the UOW or HIGH posi- 
tion -through the ram cLLr pressure switch 
and the Ignition control time delay relay. 
The overheat relay controls the -HEATER HOT 
caution light, master fuel valve, fuel pump, 
and ignition unit. The overheat relay is 
de-energized by the ignition sensing control 
relay through the ignition control time 
delay relay, or by the overheat switcft. 
The ignition sensing control relay is ener- 
gized through the 93.3° C; (200° F.) thermal 
switch when the ignition control time delay 
relay is energized (45 seconds after; the 



heater is turned on) and the exhaust temper- 
ature has not reached 93.3° C. (200° F.). 
When energized," the ignition sensing con- 
trol relay de-energizes the overheat relay 
to interrupt the operation of the> heater. 
The ignition control time delay relay, is 
energized 45 seconds after the CABIN HEATER 
LOW, OFF, HIGH switch has bepn positioned 
to HIGH or LOW. . 



Heater 



The 200,000 BTU heater (figures 72** 
and . 74)* is a ^park-spray type combustion 
heater in the aft fuselage compartment. 
It is capable of obtaining a temperature 
rise to 4.44° C. (40° F.) in the cockpit 
and cabin when the ambient "air temperature 
is -53 .9° C. (-65° F.). The heater consists 
■ • >*r ' ' 
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Figure 74. - Heater - schematic diagram 



pf a theater jacket, combustion chamber,, 
radiator, .combustion head> fuel spray noz- 
zle, spark plug, and ground electrode. The 
heater jacket, ' clamped at the back to the 
adapter; assembly and at the front* to the 
plenum chamber, encircles the radiator, 
which In turn encircles the combustion cham-, 
ber. The area between the heater jacket, 
combustion chamber, and radiator is a pass 
for the flow of ventilating air* The' combus- 
tion chamber is connected to the radiator by 
an 'internal crossover passage. Combustion 
gases from- the combustion chamber flow 
through the crossover passage into the radi- 
ator. The radiator absorbs tlie heat and then 
exhausts the gases overboard. The combustion 
head, fitted over^ the back end of the 
combustion chamber, serves as a mountings for^ 
the fuel spray nozzle,, spark plug, ana 
ground^ electrode. Combustion air supplied by 



the blower is ducted separately from the, 
ventilating air and v enters through a combus- 
tion air inlet on the side of the heater. 

t passing through the nozzle, under pres- 
* is converted to a fine spray, mixed 
combustion air, and ignited by 0 the 
plug and ground electrode. An over- 
board drain line is connected to the bottom 
of the combustion chamber to prevent unburnn- 
ed fuel from collecting. 



Heater ignition system 



The ignition system consists of an 
ignition unit and a shielded ignition lead 
which supply power to the spark plug for 
ignition-of the fuel-air mixture/ 
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Figure 75. - Heater £uel control unit - schematic diagram. 



Ignition Unit And Shielded 
Ignition Lead 



The ignition unit, secured to the fuse- 
lage next to the heater, is connected* to 
the spark plug by the shielded ignition 
lead. The ignition unit converts 28-volt 
DC current to a high-voltage oscillating 
current for continuous ignition in the heat- 
er. The ignition unit includes two radii) 
noise filters, a condenser, a fusfc, a relay, 
a vibrator with two ,sets of points and a 
NOR/RES point selector switch, and a junc- 
tion box. Under all normal conditions, thjs 
switch is in tfye NOR position. "If the points 
fail, the switch may be operated on the 
RES (reserve) points. 



Heater Fuel System 



The fuel systemT (figure 75) consists 
of a fuel control unit and a masted fuel 
valve. The fuel control unit supplies fuel 
from the forward main fuel tank through 
the master "fuel valve and also controls 
fuel flow in response to the thermal 
switches. In event of leakage within, the 



fuel control unit, provisions are made for 
raining the fuel overboard. The master 
fuel valve is electrically operated to stop 
fuel flow to the heater in event of over- 
heating and when the heater is shut off. 
An overboard drain is also provided to pre- 
vent unburned fuel from accumulating in 
the combustion chamber. 



Fuel Control Unit 



The fuel control unit (figure 75) is 
a sealed container attached to the bulkhead 
in the aft fuselage compartment. The unit 
contains a fuel filter, fuel pump, pressure 
relief* valve, and control unit cycling val- 
ve. The fuel filter removes impurities in 
the fuel. The fuel pump delivers ftiel 
through the control unit cycling valve to 
the heater. The pressure relief valve re- 
lieves except ive pressure from the pump. 
The control unit Cycling valve permits pas- 
sage of fuel until either the 65.6° C. (150° 
FT) or 140.6° C. (285° F.) thermal switches 
open. Also, the cycling valve will close 
when the ,48.9° C. (200° F.) thermal switch 
og ens • 
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Air System 



The ^tir system (figures 72 and 73) 
consists of a blower, an air pressure 
switch, and a plenum chamber. The blower 
supplies both combustion and ventilating 
air to the heater. The air pressure switch 
controls heater operation if there is insuf- 
ficient air for safe operation of the heat- 
er* The plenum chamber is an air distri- 
buting center to the ventilating air dis- 
tribution ductwork and, with the crossover 
and ^heater exhaust tube, serves as a mount- 
ing for^he thermal switches. 



Blower 
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with tubing. The switch opens 'the electri- 
cal circuit to the heater'if there is in- 
sufficient air for safe heater operation. 
The switch is normally open and is actuated 
by differential air pressure between the 
air surrounding it and the air pressure 
in the combustion air inlet* When the pres- 
sure differential reaches 2.0 + 0.4 inches 
of water, the switch completes an electri- 
cal circuit permitting operation of- the 
heater. Should the pressure differential 
drop more" than 1.0 + 0.4 inches of water, 
the point at which air supply would be in- 
sufficient for proper combustion within the 
heater, the * air pressure switch opens the 
electrical circuit, shutting off the heater. 
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Plenum Chamber 



The blower is installed in the aft 
fuselage compartment between the combustion 
air inlet and the adapter. It forces air 
into the heating system when the CABIN HEAT- 
ER LOW, OEFj HIGH switch is placed in either 
tfce HIGH or LOW position and the CABIN HEAT- 
ER VENT, NORM blower switch is in the VENT 
Or NORM position. The 48.9° C. (120° F.) 
^thermal switch serves as an'overrun switch 
which " causes the blower to operate" until 
the plentfin duct temperature drops below 
48.9° , C* (120° F.) even though the CABIN 
HEATER LOW, OFF, HIGH switch has been set 
to OFF, and the CABIN HEATER VENT, NORM 
switch has been set to NORM. 



Master Fuel Valve- 



The master fuel" valve (figure 75) i*s 
installed in the heater fuel supply line 
on the bulkhead forward of the forward fuel 
tank. Access to the valve is gained by re- 
moving the access cover on the forward floor 
panel. It functions as a safety valve to 
stop the flow of fuel. to the heater when 
the 176.7° C. (350° F.) overheat thermal 
switch, 48.9° C. (200° F.) overhead thermal 
switch, and overheat relay are, actuated 
or when the heater is shut off. 



The plenum chamber (figure 72), con- 
structed of, sheet metal, is between the 
heater and the distribution system. It ser- 
ves as a mounting for thermal switches and 
as an air distributing center for the ven- 
tilating $ir distribution duckwork. Thermal 
switches, mounted on the plenum chamber, 
in the crossover. duct, and in the heat ex- 
haust tube^cjpitrol operation of the heater. 

Distribution System 

Two heating ducts (figure 72). are con- 
nected %o the plenum chamber and run forward 
along the cabin ceiling into the cockpit 
above the pilot 1 s and copilot 1 s heads and^ 
under the cockpit floor to registers and 
diff users on both sides of the cockpit. 
Four circular adjustable valves in the cock- 
pit and 12 adjustable diffuser^ in the cabin 
disperse and^centrol the flow of 
The flow of -tfSrm air is regulated b\ 
the knob on the diffusers for volum} 
and pulling the center vane down fox 
tional control. A terminal outlet oP 
fuser is Installed aX the end of each duct 
to pass air for ventilation and prevent 
overloading of the blower^raotor. These ter- 
minal outlets cannot be closet! 




Air Pressure Switch 

The air pressure ^ switch ^figure 73), 
secured to a bracket next to the heater, 
is connected to the combustion air inlet 



THERMAL SWITCHES 



Five thermal Switches (figure 73), 
^three in the plenum chamber, 4 one in the 
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crossover duct, and one on the exhaust 
tube, kr<5 installed for controlling opera-* 
tion of the heating system. The normally 
closed 93*3° C. (200° F. ) ignition thermal 
switch in thi exhaust tube de-energizes 
the" overheat relay by actuating the igni-^ 
tion sensing control relay if exhaust tem-< 
perature has- not reached 93.3° C. (200°: 
F. ) within ' 45 seconds after the heater isj 
turned on, or * if combustion is lost duo 
to any reason after 45 seconds. The 176.7° 
C. (350° F. ) switch is an overheat thermal! 
switch which, is normally closed. Above 

-176.7° C. (350° F.), the- switch de-energize^ 
the overheat relay to remove power frotf 
all components of the heating system except 
for the blower. The normally open 48*9° 
C. (120° F. ) thermal switch energizes <M 
blower relay and causes the blower to oper+ 
ate whenever the temperature in the plenum 
chamber exceeds 48.9° C.,(l20° F.) and th* 
DC essential bus of the electrical system 
is energized. The 140.6° Q. (285° F.) therf- 
mal switch in the plenum chamber or thje 
65.6° C. (150° F.) thermal switch in thje 

. crossover duct regulates the heating systdm 
temperature depending upon whether the CABljN 
HEATER LOW, OFF, HIGH switch is in the HldH 
or LOW position. The thermal switches are 
removed by disconnecting tfie electrical wir- 
ing and by removing the securing screws ai 
washers. 



ANTI-ICING SYSTEMS 



Anti-icing systems (figures 76 and 78) 
consist of the windshield and engfSft anti- 
icing systems. The windshield anti-icp 
system is electrically operated by heatji 
elements in the pilot's and copilot's wi 
shield panels. When the WINDSHIELD ANTI4ICE 
control switch on the overhead switch panel 
is positioned to HIGH, the system protects 
the windshields, against formation of ice; 
when the control switch is positioned 
LOW, the system will defog the windshic 
The engine anti-icing system consists ot 
subsystems, the engine air intake duct 
icing system and the inlet guide vane 
icing system. Both subsystems are actttated 
by No. 1 and No. 2 ENGINE ANTI-ICE switches 
on the overhead switch panel. The electri- 
cally operated engine air intake' duct anti- 
icing system prevents formation of ice on 
the intake duct . The inlet guide vane, anti- 
icing system uses engine bleed air to heat 
the guide vanes, front frame, and starter 
cover to prevent ice buildup. / 



r. 



WINDSHIELD ANTI-ICING SYSTEM 

The' windshield anti-icing system (fig- 
ure 76) consists of a WINDSHIELD ANTI-ICE 
control switch, a windshield temperature 
controller, two step^up* transformers, a re- 
sistor assembly, and two electrapane wind- 
shield panels. The WINDSHIELD ANTI-ICE con- 
trol switch, on the overhead switch panel, 
has three positions: LOW, OFF, and HIGH. The 
LOW position is used for defogging opera- 
tions, and the HIGH position is Msed to 
prevent ifee formation on the windshield. The 
windshield [ temperature controller, on a 
shelf in'Jche electronics compartment, con- 
trols operating current to the heating 'ele- 
ments in the windshield panels. The step-up 
transformers in the electronics compartment 
increase output voltage from the controller 
to the heating elements. The electrapane 
windshield panels incorporate heating ele- 
ments and a temperature sensor imbedded 
between plate glass laminations. The sensor 
senses temperature of the windshield and 
provides a signal for the " controller to 
regulate the application of electrical power 
to the heating elements. Placing the control 
switch in the LOW or HIGH position places 
different resistors of the resistor assembly 
in series with the seniors that permit 
operation of the system at two different 
temperatures for defogging or anti-icing 
conditions. v 

Electrical Operation 



The temperature sensor, imbedded in 
each electrapane windshield panel, is a 
resistor which changes value as the tempera- 
ture of the windshield changes. A decrease 
in temperature causes a decrease in resis- 
tance; conversely, an increase in temper- 
ature causes an increase in resistance. 
Each temperature sensor is wired as p&rt 
of the control leg of a sensitive resistance 
bridge network in the temperature control- 
ler. With the WINDSHIELD ANTI-ICE control 
switch in the LOW position; each sensor 
is in series with a 913-ohm resistor and 
a 22-ohm resistor (31.3-ohms total). With 
the control switch in) the HIGH position, 
the 22.0-ohm resistor is dropped from the 
circuit, which allows the windshields to 
attain a higher temperatune. When the sensi- 
tive relay is de-energized , an additional 
3.7-ohm resistor is added to the control 
leg in series with the sensor. 
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9 Windshield Temperature 
Controller 

10 Step-Up Transformer 

11 Reelstor Assembly 



Figure 76. - Windshield anti-icing system. 



Low Operation. - When the WINDSHIELD 
ANTI-ICE control switch is positioned to 
LOW for a fogged windshield conditio^ exci- 
tation voltage is provided for the sensi- 
tive resistance bridge network, and 35.0- 
ohms resistance (9.3-ohm resistor + 22.0- 
ohm resistor +3.7-ohm resistor) is in series 
with the sensor. If the windshield ambient 
temperature is below approximately 25° C. 
*(77° F.), the sensor resistance will be 
below 315.4 ohms, and the total resistance 
of the control leg will be below 350.4 
ohms (315.4 + 35.0). - For a balanced 



bridge network, the control leg resistance 
should be 350.4 ohms. Because the control 
leg is below 350>.4 ohms, the sensitive re- 
sistance bridge ' network is unbalanced, re- 
sulting in a differential voltage across 
the windings of the amplifier. Output of 
the amplifier is rectified voltage that 
energizes' the sensitive relay. The 3.7-ohm 
resistor) part of the sensitive resistive 
bridge network,- is shunted by the normally 
open contacts of the sensitive relay, there- 
by driving the bridge network further out 
of balance, and ensuring the positive 
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closure of the K sensitive relay* Another 
set" of normally open contacts of the sensi- 
tive relay provides a path for 28 volts 
J9C to energize the coil of the power relay. 
With the power relay energised, three-phase 
115-volt AC is coupled to the step-up trans- 
former , where the voltage is increased by 
a factor of two. This stepped-up voltage 
is applied to the heating elements, located 
in the windshield panel. As the temperature 
of the windshield increases, the resistance 
of the temperature sensor increases until 
the bridge network is" balanced. The bridge 
network will become balanced at a temper- 
ature of approximately 27.8° C. (82° F.), 
when the sensor resistance reaches 319.1 
ohms; 319.1 ohms plus 9.3 ohms pluf 22.0 
ohms equals 350.4-ohms total resistance in 
the 'control leg. With no differential volt- 
age applied to the' amplifier, the sensitive 
relky^ae^energizes causing the power relay 
jto *v also J de-energize, removing the voltage 
"prev&fiuuy applied to the heating elements 
of the windshield panel. With the sensitive 
relay de-energized, the 3.7-ohm resistor is 
added to the resistance of the control leg, 
which now totals 354.1 ohms. Now the sensi- 
tive relay cannot be energized until the 
control leg resistance is below 350.4 ohms, 
which, as previously described, will not 
occur until the windshield has cooled to 
below approximately 25° C. (77° F.). The 
temperature controller will attempt to main- 
tain the windshield panels between approxi- 
mately 25° and 27.8° C. (77° and 82° F.) to 
keep the pilot's and copilot's windshields 
clear. If ambient temperature is high, it 
may be necessary to place the WINDSHIELD 
ANTI-ICE control switch in the HIGH posi- 
tion. (See figure 77.) 

High Operation. - When the WINDSHIELD 
ANTI-ICE control switch is positioned to 
HIGH for iced windshield conditions, excita- 
tion voltage is provided for the, sensitive 
resistance bridge network, and 13 .0-ohms 
resistance (9.3-obm resistor +3.7 resistor) 
is in series with the sensor. The windshield 
anti-icing system will operate the same 
as described for LOW position, except for 
the following differences: Because there 
are 22.0 ohms less resistance in the con- 
trol leg of the sensitive resistance bridge, 
the temperature sensor must attain a 22.0- 
oha higher resistance value to balance the 
resistance bridge at 350.4 ohms. This will 
occur approximately 17.2 degrees C. or 31 
degrees F. higher than the operating temper- 
atures in the LOW position. The temperature 
controller will attempt to maintain the 




40 ao 130 140 

SCNSOa TIMPtKATM (*P| 



Figure 77. - - Windshield anti-icing sensor 
'resistance/temperature chart (high). 

temperature of the windshield panels between 
approximately 42.2° and 45° C. (108° and 
114° F.), which corresponds to sensor resis- 
tance of 337.4 and 341.1 ohms. 



WINDSHIELD ANTI-ICINO SYSTEM COMPONENTS 



Temperature Controller 



The temperature controller (figure 76, 
item 9) controls operating current to the 
heating elements in the windshield. The 
controller Is a two-channel control (a sepa- 
rator channel for each windshield). Each 
channel contains a sensitive resistance 
bridge, amplifier, sensitive relay, and pow- 
er relay. The resistance of sensors mould- 
ed in the electrapane windshield panels 
varies with changes in windshield tempera- 
ture. The sensor is an integral part of the 
controller's resistance bridge circuit and, 
through its resistance changes, controls 
operation of the temperature controller by 
balancing or unbalancing the resistance 
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bridge. Changes in the temperature control- 
ler's resistance bridge circuit vary the 
input signal to the controller's amplifier 
and, as a result, vary amplifier output. The 
amplifier output control relays connect or 
disconnect power to the heating elements in 
the windshield, thus controlling windshield 
temperature. The temperature controller also 
incorporates a filter to prevent radio in- 
terference. 



Step-Up Transformers 



The step-up transformers (figure 7$, 
item 10), on a shelf in the electronics 
compartment directly behind the temperature 
controller, are used in the windshield anti- 
icing system. The step-up transformers in- 
crease output voltage from the controller 
from 115 volts AC to 230 volts AC (208 volts 
AC to 416 volts AC line to line) for opera- 
tion of the electrapane windshield panel 
heating elements. One step-Up transformer 
supplies power to each electrapane wind- 
shield. > ^ \ 



Resistor Assembly 



The resistor assembly on the overhead 
control panel controls the operating temper- 
ature of the windshield heating elements 
through their effect on the temperature 
controller's resistance bridge circuit. The 
assembly is made up of four resistors', two 
for the control of each windshield. With the 
WINDSHIELD ANTI-ICE switch at HIGH, one of 
the resistors is dropped from each sensor 
circuit and 9.3-ohms resistance is used, 
allowing the windshield heating elements to 
attain a higher temperature. In the LOW 
position, two resistors with a combined 
resistance of 31.3 ohms are placed in each 
sensor circuit to restrict the heating ele- 
ments to a lower operating temperature. 



ENGINE ANTI-ICING SYSTEM 



The engine anti-icing system (figure 
78) consists of two pilot-controlled, auto- 
matically regulated systems which prevent 
formation of ice on the oil tank mounting 
ring, engine air intake duct, inlet guide 
- vanes, starter cover/ and frpnt frame of 



each engine. Each engine anti-icing system 
consists of an oil tank mounting ring, en- 
gin* air intake duct, and staf^tfe^coyer, 
r one channel of a temperature controller, 
a control switch, a resistor, and a caution 
light. 

The engine air intake duct contains 
heating elements (thermal electric boots), 
a temperature sensor imbedded between fiber- 
glass laminations, and a thermal* switch 
mounted externally on the fiberglass. The 
oil tank mounting ring, electrically inter- 
connected with the engine air intake duct, 
contains a heating element (thermal electric 
boot). The engine-furnished solenoid con- 
trols hot compressor air flow through the 
engine front frame top and right struts 
to the inside of the starter fairing and 
inlet , guide vanes. The engine front frame 
bottom strut is continuously heated by scav- 
enge oil from the No! 1 bearing area. The 
engine front frame left, right, and top 
strut is continuously heated by the 10th- 
stage compressor air flow. 

With the ENGINE ANTI-ICE switches posi- , 
tioned to ON, the #1 and #2 INLET ANTI-ICE 
caution lights warn the pilot of approach- 
ing icing conditions as engine air intake 
duct temperatures reach 37.8° C. (100° F. ) 
or below. If ambient temperature is -18° 
C. (0° F.) or above and the engine anti- 
icing system is on, the caution panel lights 
coining on indicate anti-ice system failure. 
The caution/advisory #1 INLET ANTI-ICE and 
#2 INLET ANTI-ICE capsules are illuminated * 
through the thermal switches on .the intake 
ducts. Power is supplied by 28-volt DC PRI 
bus. 

The inlet guide vane portion (subsys- 
tem) of each engine anti-icing system uses 
a portion of the ENGINE ANTI-ICE switch 
and consists of a solenoid control relay, 
a current sensing relay, and anti-icing 
solenoid valve (engine furnished), and a 
caution/advisory panel light capsule. Plac- 
ing the ENGINE ANTI-ICE switch in the ON 
position opens the normally closed circuits 
to the engine solenoid to start the anti- 
icing system within the engine. At the same 
time the corresponding #1 or #2 ENG IGV 
ANTI-ICE light capsule on the caution/advi- 
sory panel will illuminate, providing the 
current sensing relay senses that the inlet 
guide vane (IGV) anti-icing system is on. 
The function of the current sensing relay 
is* to indicate if the system is on or off. 
The solenoid control relay provides for 
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proper functioning of the solenoid valve 
by de-energising the solenoid valve when 
the ENG ANTI-ICE switch is in the ON posi- 
tion. Wken the ENGINE ANTI-ICE switch is 
in the *OFF position, the solenoid valve 
is energized through the solenoid control 
relay and the current sensing relay is ener- 
gized, breaking the circuit to the ENG IOV 
ANTI-ICE light capsule on the 'caution/advi- 
sory panel. 



Operational Description * 

The themal switches on the engine 
air intake duct close when the inlet throat 
temperature drops below 37.8° C. (100° F. ), ' 
if the ENGINE ANTI-ICE 1 and 2 switches 
are positioned to ON. This will cause il- 
lumination of the fcautioV*dVi» 0 ry panel 
#1 and #2 INLET ANTI-ICE light capsules. 
Simultaneously the temperature controller 
will attempt to maintain a duct temperature 
of approximately 82.2* C. (180° F.) and 
87 # C. (188° F.). The ENGINE ANTI-ICE 1 
fend 2 switches also open the circuits to 
the -engine anti-ice solenoids to permit 
compressor air flow to warm the engine inlet 
guide vanes and the starter cover. The #\ 
and #2 ENG ANTI-ICE IGV light capsules on 
the caution/advisory panel will illuminate 
and remain on as long as the anti-icing 
system is on. The #1 and #2 INLET ANTI-ICE 
light capsules will go off when the intake 
duct temperature exceeds 37.8° C. (100° 
F. ) . If the ambient air temperature is 
-18° C. (0° F.) or below and the anti-ice 
system is on, the caution panel lights may 
come ah indicating no antt^ice protection, 
as electrical heating may not be sufficient 
to maintain 37.8° C. (100° F.) under these 
conditions. 



Engine Air Intake Duct Anti-Icing 

Each temperature sensor, imbedded in 
the engine air intake duct, is connected 
to one channel of the temperature control- 
ler. The temperature sensor is a resistor 
k which changes its resistance with temper- 
ature changes. A decrease in temperature 
causes a decrease in resistance. Conversely, 
an increase in temperature causes an in- 
crease in resistance. Each temperature sen- 
sor is wired as part of the. CQntrol leg 
of a sensitive resistance b$iage network 
in the temperature controller. A 3.7-ohm 
resistor is in series with the sensor, and 



a 3.3tC-ohm resistor is in parallel with 
the resistor. For a balanced bridge net- 
work, the control leg resistance should 
be 3^0.4 ohms. With the ENGINE ANT I- ICE 
switch in the ON position, excitation volt- 
age is provided for the sensitive resis- 
tance bridge, the control leg resistance 
(sensor resistance plus 3.7-ohms) will be 
below. 350,4 ohms; at 4.4° C. (40° F.) the 
control leg resistance is approximately 235 
ohms. Due to the unbalanced condition of the 
bridge network, a differential voltage will 
be fed into the amplifier. The output of the 
amplifier is rectified voltage that energiz- 
es the sensitive relay. The 3.7-ohm resistor 
is shunted by the normally open contacts of 
the sensitive relay to drive the bridge 
network further out of balance and ensure, 
positive relay closing. Another set of nor- 
mally open contacts of the sensitive relay 
provides a path for 28 volts DC to energize 
the power switching relay. With the power 
relay energized, three-phase 115 volts AC is 
ajjplied to the anti-icing duct heating ele- * 
ments. 



Temperature Control 



As the temperature of the engine air 
intake anti-icing duct increases, the cau- ■> 
tion/advisory panel #\ or #2 INLET ANTI- 
ICE light capsules will go off when the 
duct temperature exceeds 37.8* C. (100* 
F.). The temperature of the duct will con- 
tinue to increase until the bridge network 
is balanced by a control leg^esistance 
of 350.4 ohms. The resistance of thfesJtemper- 
ature sensor in parallel with the 3^3K re- 
si/tor will be 350.4 ohms at approximately 
87° C. (188° F.). With no differential volt- 
age applied to the amplifier, the sensitive 
relay de-energizes/ causing the power relay 
to also dev-energize, removing power from 
the heating elements. With the sensitive 
relay de-energized, the 3.7-ohm resistor 
is added to the resistance of the control 
leg, which now totals 354.1 ohms. The sensi- 
tive relay cannot now be energized until 
the control leg resistance is below 350.4- 

^ohms (senior resistance of 346.7 plus 3.7 
ohms). The resistance of the temperature 
sensor in parallel with a 3.3K resistor 

< will be 346.7 ohms at approximately 82.2* 
C. (180* F.). The temperature controller 
will attempt to maintain the duct tempera- 
ture between 82.2° and 87° C. (180° and 
188° F.). 
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Engine Inlet Guide Vane Anti-Icing 



The inlet guide vane anti-icing system 
will remain on as long as the ENGINE ANTI- 
ICE switch is in the ON position. The engine 
anti-ice solenoid is spring loaded open, 
and in the event of an electrical ftfilure, 
the IGV anti-ice .system will be on. 



anti-icing duct.' This electrical power is 
amplified and actuates the relays regulating 
three-phase power to the duct heating ele- 
ments • Power to the heating elements is 
removed if the associated sensor circuit is 
open or shorted. The temperature controller 
also incorporates a filter assembly to pre- 
vent radio interference. 



ENGINE ANTI-ICING SYSTEM COMPONENTS 



Solenoid Control Relay 



Engine Anti-Icing Ducts » 

The engine anti-icin^^lucts (figure 
78, items 4 and 6), at the front frame of 
the demountable power plant, direct air 
into the engine compressor section. Each 
engine anti-icing duct contains heating ele- 
ments, a temperature sensor imbedded between 
the fiberglass laminations, and a thermal 
switch mounted Externally on the fiberglass 
lamina t ions % 



The two solenoid control relays on 
the overhead control panel provide for pro- 
per operation of the engine solenoid valves 
by de-energizing each valve when the cor- 
responding ENGINE ANTI-ICE switch is ON. 
When the switch is OFF, the solenoid control 
relay is de-energized, and the engine sole- 
noid valve „is energized through the nor- 
mally closed contacts of the relay. 



Current Sensing Relay 



Temperature Controller 



The temperature controller (figure 78, 
item 17) * controls operating current to the 
heating elements and permits indeperitffent 
temperature^ control for each duct. The tufet 
is a dual-channel controller with each chan- 
nel controlling one anti-icing duct. Each 
channel contains a sensitive resistance 
bridge circuit, an amplifier, a sensitive 
relay, and a power relay. Electrical power 
through the temperature controller bridge 
circuit is varied due to resistance changes 
in the temperature sensor' on the engine 



Two inlet anti-ice relays are mounted 
on the relay panel on the forward cabin 
bulkhead. The anti-ice relays are current 
sensing relays, whose function is to indi- 
cate when the anti-icing system for each 
engine is on or off. When an engine anti- 
icing system is turned on, the corresponding 
engine anti-ice solenoid valve is de-ener- 
gized, and the current sensing relay, sens- 
ing this condition, is de-energized also. 
The normally closed contacts of {he current 
sensing relay provide power to illuminate 
the #1 or #2 ENG IGV ANTI-ICE light capsules 
on the ADVISORY PANEL. 
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REVIEW 



This section has covered the heating, ventilating, and anti-icing 
s rat ens. You will need to understand these systems before you can pre- 
flight an aircraft. 

(Nov answer the following review questions.) 



62. The heater cycling valve is controlled 
by a/a n switch. 1 



62. -B (Refer to page 117) 



. .. A. air pressure 

B. thermal ^ 

C; manual \^ „ 

D. fuel pressure 

63. The blower relay is energized by the 



A. 
B. 
C. 
D. 



overheat relay ^ 
ignition control time delay relay, 
120 # F. thermal switch 
93.3° C. thermal switch 



63. -C (Refer to page 119) 



64. The heater in an HH-3F can produce 
a MAXIMUM of BTU. 



64. -D (Refer to page 119) 



A. 
B. 
C. 
D. 



100,000 
150,000 
175,000 

20a, ooo 



65. Heater fuel is taken from the fuel 

tank. „ y-x 



65. -A (Refer to page 121) 



A. 
B. 
C. 
D. 



forward main 
forward aux 
aft main 4 
aft aux 



66. Which of the following serves as a 
safety valve to prevent overheating of the 
heater? 

A. Vent valve 

B. Cycling valve 

C. Master, fuel valve 

D. Exhaust temperature sensing valve 

67. What is the purpose of the 140.6° C. 
thermal switch in the plenum chamber? 

A. De-energize the overheat relay 

B. Regulate the heating system tern* 
perature 

C. Energize the blower relay 

D. Actuate the ignition sensing con- 
trol relay * ^ /» » 



66. -C This valve shuts off fuel 

to the heater in case of an 
overheat condition. (Refer 
to page 122) 



/ 67. -B This switch acts as 'a 
thermostat. (Refer to 
page 123) 
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68. The te«perattfre seniors for £he wind- 68. -A (Refer to page 123) 
shield anti-ice ~~ * m =• 

between^he windshield plate glass 
ftions 

hmi t(h« ihstrumjmrft panel, adjacent . 
Re windshield 

che cockpit overhead, adjacent 
to the windshield 
D. on the outside and inside surfaces 
of the windshield 

69. The windshield beating elements attain- 69. -B v (Refer to page 123) 
a higher temperature in HIGH operation than 

in LOW operation because the 



r 



A. resistance is higher in the con- 
trol leg of the bridge 

Be resistance is lower in the control 
leg of the bridge 

C. current required to actuate the 
sensitive relay is lower 

D* resistance bridge is balanced in 

* ftlGH operation but not in LOW 

operation » , 



-j, 



70. , To prevent radio interference, the 70. -D / (Refer to page 126) 
windshield temperature controller incorpor- '* 
ates a . 

A. sensor 

B. diode 

C. resistor 

D. filter t . * 

71* Which components ard anti-iced by ther- 4 71. -A (Refer to page 126) 
mal electric boots?. » • ■ a 

1. Oil tank mounting ring 

2. Engine air intake duct,. 

3. Inlet guide vanes * 

4. Starter cover 

- A. 1 and 2 only ' 

B. 2 and 3 only 

C. 3 and '4 only 

D. 1, 2, and 3 

72. When the control switch is placed in 72. -B (Rmfpr to page 129) 
the ON position, the engine air intake duct 
will be anti-iced anytime the temperature | 
drops below . < 

A. -18* C. 

B. 37.8° C. 

C. 82,2 # C. J 

D * 87#c - 135 
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73 . The function of the engine anti-ice 
current settling relay* i» to * .« 

A. aeasure the temperature at the" 
front frue of each engine'*" 

B« control current to the heating 
elements of each engine anti-icing 

duct 

C. ip4icate when the engine anti-icd 
systea is on or off \ 

D, control the hot air directed intp 
the engine compressor section 



73. -C (Refer to page 130) 



» US - 

fh ■ 
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HH-3F FUEL SYSTEM 



1. 

3 

2. 



OBJECTIVES 

Whda you -complete thip section, you will be able to: 

Summarize the operation of the^HH^3F fuel System. 

Identify fuel system components and explain their function. 



3. Describe the fuel dumping system. 

4. Explain the pressure ' refueling system. 

5. Describe the fuel transfer system. 



'Ajs eC flight mechanic, on the HH-3F, 
you must be familiar with the aircraft fuel 
system as well as the engine fuel system. 
The 'following paragraphs cover a typical 
HH-3F ^aircraft fuel system, its ^components, 
and principles of operation, 

GENERAL DESCRIPTION 
* (See figures 79 and 80.) 

The system 1 is an open vent Itype* which 
consists of main and auxiliary fuel tanks, 
a - fue^ management panel, boost pumps, boost 
pump relays, pressure switches, valves, fil- 
ters, collectors,*/ mixing chambers, fuel e- 
jector* units, -and tank unit probes. When 
normal fuel system operation is desired, the 
forward and aft main tanks boost PUMP 1 and 
2 and the fuel shutoff .valves switches are 
positioned to ON. This pennits fuel, under 
boost pump pressure, to pass through the 
filters td the engines. FViel franf the for- 
ward main tank supplies No. 1 engine, and 
the aft main tank' supplies N6. 2, engine. No. 
1 engine filter is on the right side , and 
No. 2 engine filter is on the left iide of 
the fuselage; o Should either filter become 
clogged, -the filter bypass valve will open 
and the caution/advisory panel PVD or APT 
FUEL BYPASS light capsule will illuminate. 
If a boo& pump should fail, the apprqpriate 
FAIL lights will Illuminate. If fuel pressure 
should drop below f4.6 to -5.1 psi, the 
appropriate LOW PR lig^# will illuminate. * 

The engines may- be efficiently operated 
wit;h one, both, or no boost pumps. However, 
it is necessary to operate* the helicopter 
with at least one boost pump operating in 
each main tank during the following condi- 
tions: 

1. Above 6000 feet pressure altitude 
4 2. ' Dumping fuel , 



3. .Above 43 degrees Centigrade fat 

4. Transferring fuel*' 

5.. Below 600 pounds, of fuel per tank 
* 6. Whenever a fuel filter bypass is 
a illuminated. ir J ■ 

7. Whenever a fuel low pressure cau- 
tion light is illuminated 

5. One pump per tank during takeoff 
and landing ^ t . 

* NQTE 

y 1 ' 

Continuous use of one boost pump per . 
engine is mandatory to prevent inadvertent 
operation without boost pumps when the ex- 
ceptions are encountered. Actual or Simula-" 
ted generator failure will cause loss of 
both number two bodst pumps. 

Fuel flow to either engine may be stop- 
ped by pulling the appropriate FIRE EMEU 
SHUT OFF SELECTOR handle on the overhead 
control panel, or by positioning the ap- 
propriate fuel shutoff valve switch to OFF. 
If necessary, fuel may be supplied to one 
engine from* both tanks by opening one fuel 
shutoff valve and the crossfeed valve, or 
to both engines from one tank by opening 
both fuel shutoff valves and the crossfeed 
valve. 'The fuel tanks may be "gravity or 
pressure refueled. When pressure refueling 
is used, system shutoff capabilities are 
tested at the start of the operation. Fuel 
may be transferred from the auxiliary^ fuel 
tanks to the main fuel tanks by using boost 
pump pressure, fuel transfer valves, and 
fuel' ejector units. Fuel may be offloaded 
from the helicopter by positioning either 
manual defueling valve handle in the open 
position. 

All component switches and -indication 
lights are on the fuel management panel. 
When 30 minutes of ^fuel or less remains 
in the main tanks, the caution/adyisory 
panel FWD FUEL LOW and AFT FUEL LOW light 
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cuei CAGE T C IT {WITCH 




C*Gtt*EED VALVE SWITCH 
CUfiL SHU TOFF VALVE SWITCH 

»AHjEC HCMT 



»t pump fail lights 

■COST PUMP SWITCHES 



AFT AUItLIAftr TANK FUEL 
QUANTITY INDICATOR 



FUEL MANAGE WENT RANEL 



INSTRUMENT PANEL 



.Figure 79. - Fuel management panel. 



-capsules will illuminate. Fuer for the cabin 
heater is supplied by the forward main tank, 
and fuel for the. APU is supplied by the 
aft tank. 

SYSTEM COMPONENTS 

FUEL MANAGEMENT PANEL • 
(See figure 79 J 

The fuel management panel on the upper 
center " portion of the instrument panel con- 
sists of fuel quantity indicators, indicator 
lights, panel lights,., and switches/ The 
fuel quantity indicators indicate the fuel 
quantity of the main and auxiliary fuel 
tanks* The indicator lights indicate boost 
pump failure and low fuel pressure. The 
panel lights illuminate the panel for night 
operations. The switches control the opera- 
tion of the crossfeed valve, fuel shutoff 
valves, fuel transfer valves, and boost 
pumps. AXso, a test switch is"* used to check 
the operation of the fuel quantity indica- 
tor. V 
FUEL SftUTOFF VALVE 
(See figure 80.) 

, Two valves on the cabin ceiling aft 
of the personnel door contxol" fuel flow 
to each engine. Each valve is a^raotor-oper-' 
ated valve controlled by the fuel shutoff 



valve switch oh the fuel management panel 
and the FTJtE EMER SHUTOFF SELECTOR handle 
on the overhead control panel. Normal fuel 
.flow is accomplished by positioning the 
fuel shutoff valve -switches to ON. This 
permits ' electrical power to flow from the 
28-volt DC primary bus through the normally 
closed pole of the FIRE EMER SHUTOFF SELEC- 
TOR handTe switch, through the ON^OFF switch 
on the fuel' management panel to* the valve. 
The fuel shutoff valves may be closed by* 
positioning the fuel shutoff valve switches 
to OFF or by actuating the FIRE "EMER SHUT- 
OFF SELECTOR "handle. The handle closes the 
nor m ally open fire emergency selector handle 
switch and directs electrical power to the 
valve. During" crossfeed operations; fuel 
may be directed to ^one engine from both 
tanks by positioning the CROSSflEED -switch 
to OPEN and closing one of the fuel shutoff 
valves. ) 
CROSSFEED VALVE 
(See figure 81.,) , 

The valve on the cabin ceiling, aft 
of the personnel door, is a motor-operated 
valve controlled by the CROSSFEED switch 
on the fuel management panel. Positioning 
the CROSSFEED switch to OPEN interconnects 
fuel flow of the aft and forward main fuel 
tanks. Should 4 unequal fuel levels^ exist 



ERLC 



I,-; - 



136 



13S 



.125 




>* 13 12 11 W • I 



0 




S 24424 <«r» 



1 Tube 

2 Reatrictor 
4 Packing 

4 Bolt, Washer 



5 Disconnect Plug 

9 Fitting 

7 Washer (Sealing) 

8 Nut, Washer 



9 Packing 

10 Fuel Shutoff Valve 

' 11 Packing x 

12 Elbow 



13 Flange - 

14 «olt, Washer 

15 Hose 

16 Reducer, Packing 



between fuel tanks 

pumps fail in either tank, operation of 
the crossfeed valve switch in conjunction 
with the fuel shutoff valves and fuel boost 
pump switches enable various combinations 
of fuel selections to one or both engines 
from either tank. When the crossfeed valve 
opens, check valves prevent fuel from feed- 
ing back into the inoperative fuel tank. 
The CROSSFEED switch is positioned to CLOSE 
during normal operation. 

NOTE 



Figure 80. - Fuel shutoff valve. ■ ■ 

should fuel, boost a paper or metal filter element. The bypass 

valve allows fuel to bypass a partially 
clogged fJJ.ter if a pressure differential 
of 2.1 psi occurs. In addition, the appli- 
cable FVD or AFT FUEL BYPASS light capsules 
on the caution/advisory panel should illumi- 
nate. However, it is possible to have the 
light illuminate without fuel being bypas- 
sed due to a partially clogged fuel filter. 
Filter elements must be .cleaned or replaced 
when the applicable FWD or AFT FUEL BY-PASS 
light capsules illuminate. 



When securing cross-feed operation turn oh a 
boost pump in the tank not being used prior 
to closing the cross-feed switch. 

MAIN FUEL LINE 
(See figure 82.) 

The No. 1 and No. 2 engine main fuel 
lines are the game except that the No. 1 
engine main fuel line is installed on the 
right side of the cabin interior and the 
No. 2 engine main fuel line is installed 
on- the left side of the cabin interior. 

FUEL FILTER 

(See figures 82 and 83.) 

The fuel filters, one on each side 
of the fuselage, each consist of a housing, 
built-in bypass valve, packing, bowl, and 



FORWARD MAIN FUEL TANK 
(See figures 83 and 84.) ^ 

The tank is in the lower fuselage and 
consists of two bladder cells. The cells 
are interconnected *by flanged holes in the 
cell walls. Each .cell is vented at two 
places and is connected- by fittings and, 
tubes to vent fittings secured to each side 
of the fuselage. The fprward cell contains 
a collector, defueling valve, sump* drain 
valve, fueling valve, high^ level shutoff 
valve, level control valve, and a fuel quan- 
tity tank unit probe. The aft cell contains 
a fuel ejector unit, sump drain valve, level 
'control valve, and a.- fuel quantity tank 
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1 Housing (Check Valve) » 7 Tube 

" 2 Packing 8" Union 

3 Croesfeed yalve * 9 Nut 

4 Packing 10 Nut 

5 Bolt, Waaner 11 Packing 
0 Housing (Check Valve) 



12 


transmitter 


17 


Nut 


13 


Hoae 


18 


Nut 


14 


Hose 


19 


Bolt, Washer 


15 


Transmitter 


20 


Union 


16 


Packing 


21 


Tube 



Figure 81. - Crossfeed valve. 



unit probe. An .access cover for each cell 
is installed on the Yfloor panel covering 
the cell. A filler cap and adapter secured 
to the scupper at the left sijie of the for- 
ward cell permit, gravity re-fueling of the„ 
tank. * 



AFT MAIN FUEL TANK 

(See figures 83 and 84.) 



valve, high level shutoff valve, level* :on- 
trol valve, and a fuel quantity tank unit 
probe. The aft cell contains a fuel ejec- 
tor unit, sump drain valve, and fuel quanti- 
ty tank unit probe. An access cover for 
each cell is installed on the floor panel 
covering the cell. A filler p cap, adapter, 
and filler tube are secured to the scupper 
forward of the tank and connected to the 
forward side of the forward cell to permit 
gravity refueling of the tank. 



The tank is in the aft portion of the 
lower fuselage and consists of two bladder 
cells. The cells are interconnected by flan- 
ged holes in the cell walls. Each cell is 
vented at two . places and is connected, by 
fittings and tubes 1 , to vent fittings secured „ 
to each side of the fuselage. The forward 
>cell contains a collector, manual -defueling 
valve, sump drain valve, pressure fueling 



FORWARD AUXILIARY FUEL TANK 
(See figures 83, 84 and 88.) 



The tank is in the forward portion 
of the lower fuselage and is a bladder-type, 
single-cell tank. The tank is vented at 
three places and is connected, by fittings 
and tubes, to vent fittings secured to each 
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1 Cro»s(eed Valve 

2 Tube 

3 Union, Nut 



4 Main fuel Line 

5 Fitting 



6 Sleeve 

7 Fuel Filter 



-8 Sleeve 
9 Fitting 



Figure 82. - Main fuel lines. 



side of the .fuselage. The tank contains 
a pressure fueling valve, manual defueling 
valve, sump drain valve, high level shutoff 
valve, fuel ejector unit, and a fuel quanti- 
tank unit probe. >An access cover is instal- 
led on the floor panel covering £he tank. 
A filler cap and adapter secured to a scup- 
per at the left side of the tank permit 
gravity refueling of the tank. A pressure 
refueling valve adapter is installed on 
the right side of the tank. 1 

APT AUXILIARY FUEL TANK. 
(See figure 87.) 

The tank .is in the lower fuselage, 
between the main tanks, and is a bladder- 



type, sdngle-cell tank. The tank is vented 
at three places and is connected, by fit- 
tings and tubes, to vent fittings secured 
to each side of the fuselage. The tank con- 
tains a pressure fueling valve, manual de- 
fueling valve, sump drain valve, high level 
shutoff valve, two fuel ejector units, and 
a fuel quantity tank unit probe. An access* 
cover is installed on the floor panel cover- 
ing the tank. A" filler cap and adapter se- 
cured to a scupper at the left side of the 
tank permit gravity refueling of the tank. 



FUEL TANK VENTS 

The vents connect the fuel tanks to 
atmosphere on both sides of the upper fuse- 
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1 Bolt, Wajhtr 

2 PUter 
Saal 
Gaakat 
Tub* 

Bolt, Wajhtr 
Connector 



8 Gaakat 

9 Drain Valrt 

10 Seal 

11 Connector 

12 Gaakat 

13 Tuba 



Figure 83. - Fuel filter. 



lage. The overboard fuselage Vent openings" 
are covered by a fairing which has an open- 
ing in the aft end. The fairing prevents 
air from the helicopter's forward motion 
from being forced into the fuel tanks. 



COLLECTORS 

(See figure 84.) 



the forward and aft main tanks supply fuel 
to the mixing chambers, which simultane- 
ously direct .fufll to the engines and fuel 
ejector units. The fuel ejector units, in- 
stalled in the aft fuel cells of each main 
tank, supply fuel - to the collectors when 
the fuel pumps are operating. 

FUEL BOOST PUMP RELAYS 



A collector is in the forward cell 
of each main fuel tank. Each collector con- 
sists of two boost pumps^ three check val- 
ves, a strainer, a fuel mixing chamber, 
and a flap valve. A hole in the bottom of 
the collector permits fuel to be drained 
during de fueling. 
r 



Four plug-*- in-type relays, screwed to 
the cabin relay panel on the forward left 
cabin ceiling, control the operation of 
the fuel boost pumps. When -the PUMP switches 
the fuel management panel are positioned 
ON, the relays are energized. This per-, 
115 volts AC to operate the fuel boost 

bs. 



FUEL BOOST PUMPS 
(See figure 85.) 



FUEL MIXING CHAMBER 
(See figure 85.) 



Two pumps on the forward inside wall The chamber is installed in each col- 

of each collector in the forward cell of lector in the forward cell of the forward 
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1 stud* 5 Collector 

2 Reitrlctor, Packing 0 Nut, Washer 

3 Tub* 7 Boost Pump 

4 Conduit (Electrical) 8 Tube 



9 Elbow, Nut, Packing 

10 Tube 

11 Mixing Chamber 

12 Tube 



13 Conduit (Electrical) 

14 Boost Pump 

15 Reitrlctor, Packing 



Figure 84, - Collector. 



and aft main fuel tanks. It discharges fuel 
to the engine and also provides a positive 
fuel pressure to the fuel ejector unit in- 
stalled in each aft cell. The ejector unit 
then picks up the fuel in the aft cell and 
discharges it through a tube to the collec- 
tor. 



CHECK VALVES 
(See figure 85.) 



FLAP VALVE 

(See figure 85.) 

A flap valve, secured to the bottom 
inside surface of each collector, prevents 
discharge of fuel from the /collector but 
allows fuel to enter the collector during 
a nose-down flight attitude. Under these 
conditions, the valve" traps fuel to permit 
nose-up maneuvers during low fuel condi- 
tions. 



A check valve is in each mixing chamber 
inlet port and in the engine fuel supply 
line. If only one boost pump is in opera- 
tion, the check valves in the mixing chamber 
ports prevent fuel flow from entering the 
inoperative boost pump and strainer. The 
check valve in the engine supply line pre- 
vents fuel from feeding into the opposite 
tank during crossfeeding. The fuel shutoff 
valve prevents fuel from draining back into 
the tank. » \ 



FUEL EJECTOR UNITS (Ha\ 
(See figure 86.) / 



TANKS) 



The fuel ejector uni 
fuel tank aft cell transfe 
aft ' cell to the collecto 
cell. A line frortl the boo 
fuel to the base of the ejec 
fuel through a restricted 
creases fuel velocity while 
sure, thus syphoning the 



t in each main 
rs fuel from the 
r in the forward 
st pump supplies 
tor unit passing 
throat. This in- 
decreasing pres- 
aft cell fuel. 
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1 Mixing Chamber 

2 Packing 

3 Nut 

4 Elbow 

5 Waahar 

0 CoUtctor Aaaamblv 

7 Waibtr, Nut 

8 Bolt, Waahar 

9 Bolt, Waibtr 
10 Spacar 



U R a tain a r 

12 Flap Vaivt 

13 Scrtw, Waahar, Nut 

14 Bolt, Waahar 

15 Spacar 

16 Bolt, Waahar 

17 Waahara, Nuta 

18 Packing 

19 Chack Valva 



20 Chack Valva, Packing 29 Mounting Baaa 



21 Strainar 

22 Raatrlctor, Packing 

23 Hoaa 

24 Union 

25 Packing 

26 Pump (Fual Booat) 

27 Mounting Baaa 

28 Scraw, Waahar 



30 Scraw, Waahar 

31 Pump (fual Booat) 
92 Raatrlctor, Packing 

33 Packing 

34 Union 

35 Hoaa 

36 Chack Valva 

37 Packing 



Figure 85. - Fuel boost pump. 



A check valve is in the inlet line of each 
unit to prevent air from entering the engine 
fuel supply line if the boost pumps should 
fail and the fuel level should drop below 
the unit inlet . 



PRESSURE SWITCHES 



Four pre 
on the right 
iliary fuel 
corner, are ac 
The pressure 
to correspond 
erate in con 
dicates boost 



ssure switches i two mounted 
forward corner of the aft aux- 
tank and two* on the aft left 
tuated by boost pump pressure** 
switches are marked 1 or 2 
with the boost pump they op- 
junction with. Each switch in- 
pump failure by illuminating 



142 



114 



131 




1 Tub* 
"2 Bolt, Waiher 
3 Waiher '(Sealing) 



4 Support (Fuel Ejector) 

5 Fuel Ejector Unit 



Figure 86. - Main fuel tanks fuel ejector units. 



S 3*4 Jf (ftl) 



0 Tube 

7 Bolt, Waiher 



the appropriate PUMP FAIL light on the fuel 
management panel when pump pressure falls 
below 16-17 psi. 



SUMP DRAIN VALVE 
(See figure 93.) 



A poppet drain valve in each fuel cell 
sump is used to drain water from the bottom 
of eacn fuel cell. Each valve, secured to 
the bottom fuselage, consists of a valve 
body, spring, poppet, and guide. The pop- 
pet is kept closed by the spring contained 
within the body by the guide. The valve 
is opened by inserting a screwdriver in 
the slot in the poppet and pushing up with 
a force of 6.0 + .5 pounds. The valves may 
be locked in the OPEN position by pushing 
up and turning the poppet to the right. 



DE FUELING VALVES 
(See figure 93.) 



A defueling valve, secured to the bot- 
tom of each main tank forward cell and aux- 
iliary tank, permits gravity defueling of 
the tanks. Jo drain 'fuel from the tanki, 
remove the valve access cover on the lower 
fuselage and attach a hose to the valve. 
Then turn the valve handle and hold it in 
the open position until the desired amount 
of fuel is drained. * 



FUEL DUMPING SYSTEM 



The system consists of two manually 
operated dump valves, a dump fitting, and 
associated tubing. (See figure 87.) When 
fuel dumping is desired, the boost pumps 
and crossfeed valve are actuated, and the 
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19 14 13 



Figure 87. - Dump fitting and hose. 

duap valves handles are turned to the OPEN ting, and right sponson to atmosphere. Fuel 
position. This directs fuel from the engine dumping is one of the flight mechanic's 
supply lines through the tubing, dump fit- duties. 
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Figure 88. - Valve adapter and high level shutoff switches. 



FUEL DUMP VALVES supply lines of each engine. The valves ' 

(See figure 87.) are spring loaded, closed, and secured with 

t , copper shearwire. When fuel dumping is de- 

sired, the shearwire is broken, and the 
The manually operated valves on the valve handles are turned to OPEN until the 
cabin ceiling are connected to the fuel desired amount of fuel has been dumped. 
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FUEL DUMP FITTING 
(See figure 87.) 



\ The fitting is at station 362 and v^ter 
line 108 and consists of a housing and flap 



valve. The flap valve prevents dumped fuel 
from the dump system from entering the cabin 
auxiliary fuel tanks when they are instal- 
led. 
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REVIEW 



In this section we have discussed the fuel system in general, the 
fuel management panel, and various fuel system components. 

(Nov gnawer the following review questions.) 



74. Which statement 
fuel system is TRUE? 



concerning 



the HH-3F 74. -C 



A. The Number; 1 engine is supplied 
by the aft main tank 

B. * The Number 2 engine -fuel filter 

is mounted on the right-hand side 
of the fuselage 

C. It is possible to supply both 
engines from one main tank 

D. APU fuel is supplied from the 
forward main tank 



Both, engines can be supplied 
from' one main tank by opening 
both fuel shutoff valves and 
the crossfeed valves. (Refer 
to' page 135) 



75, The fuel filter bypass valve allows 
fuel to bypass a clogged filter if a differ- 
ential pressure of psi occurs. 



A. 
B. 
C. 
D. 



2.0 
2.1 
2.2 
2.3 



76. Which component (s) is/are found only 
in the aft cell of each 1 main tank? 



75. -B This valve allows fuel to flow 
to the engine even though the 
filter is clogged. (Refer to 
page 137) 



76. -A (Refer to page 137) 



1. Ejector 

2. Collector 

3. High level shut-off valve 

4. Fuel quantity tank unit probe 



A. 
B. 

"c. 



1 only 

1 and 2 only 

2 and 4 only 

3 and 4 only 



77. The pressure refueling valve adapter 
is installed in the tank. 



77. -A 



(Refer to page 139) 



A. 
B. 
C. 
D. 



forward aux 
aft main 
forward maj 

aft. 



78. A positive pressure to each ejector 
is provided by the in tjie collector. 

A. check valve 

B. flap valve 

C. restrictor 

D. mixing chamber 



78. -D (Refer to page 141) 



79. ThV boost punp fail light on the fuel 
Bina*e»ent panel vill illuminate when boost 
puap pressure falls below pel. 



79* -A (Refer to page 143) 



> 


A. 


16 


- 17 




B. 


18 


- 20 




C». 


20 


- 21 




D. 


21 


- 22 ' 



80, Which of the following is NOT neces- 
sary to duep fuel? 



dt).-C (Refer to page 143) 



A. Boost ptap ' 

B. Crossfeed valve 

C. DefiteJJjif valve 

D. Manual dump valve 
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idapter, 



FUEL LOW PRESSURE -WARNINtf^YSTEM 
The system consists of two pressure 
switches" on the /cabin ceiling and two LOW 
PR lights on tfie fuel management panel. 
The .,pressure 'switches will close when a 
negative pressure of -4.6 to -5.1 psi fuel 
pressure exists. Ttiis turns on the LOW PR r 
lights and keeps them on until an increase 
Qf 2 psi occur?. At this time the pressure 
switches, will open, and cause- the LOW PR 
lights ^ to go out ^ indicating fuel pressure, 

PRESSURE REFUELING SYSTEM 

The system consists of a valve ad 
two pre check shut off switches, four dual 
high level shut off valves, four pressure 
fueling valve.s, and nine - relief valves, 
(See figures* 93 and 94.) When pressure re- 
fueling is 'desired, the pressure refueling 
cavity access cover is hinged down, and 
the valve adapter cover is removed. The 
refueling hose nozzle is properly grounded, 
inserted into the valve adapter, and fuel 
is pumped, into the helicopter. At the begin- 
ning of refueling operations, the shutoff 
capability of the system is tested by pres- 
sing the high* level* shutoff switches to 
PRI TEST and SEC; TEST ^independently. This 
energizes, the appropriate solenoid of the 
high level valves. *The solenoid raises the 
floats electrically, which closes the fuel- 
ing valves and stops fuel flow into the 
tanks. When the switches are returned to 0 
the . OFF. npsifi 011 * floats operate in 

conjunction with the fuel level of each 
tank. When the tanks reach full capacity, 
the high level " shutoff valves close the 
fueling valy'es, stopping fuel flow to the 
tanks. Excessive fuel line pressure is vent-^ 
ed into the fuel tank by th$ relief valves. 

* "note 

On Helos modified by T.C.fco. 1H-3- 
568 and CO 1481 and subsequent: ensure 
fueling pressure does not; 
A pressure, regulator ' and 
valve is / installed in the pressure refuel- 
ing lin es to ° prevent damage to the fuel 
system o by faulty or improperly operated 
pressure refueling equipment. , X9 



exceed 50 psi. 
surge control 



VALVE ADAPTER 
(See figure 93.) 



ed 



The adapter is inside the hinged cover- 
cavity below the personnel door and con- 



sist's of a housing, poppet, spring, and 
cover. The poppet is unseated by the re- 
fueling hose nozzle, permitting fuel to 
enter the system. The spring returns the 



poppet to its seat when thj 
zle is removed. The 
nation buildup on thV i 

PRECHECIC SHUTOFF SWITCHES 
(See figure 93.) , 




efueling noz- 
vents contami- 



The primary and secondary ' switches, 
marked PRI TEST and . SEC TEST, are in the 
upper portion of the pressure refueling 
cavity. The switches, equipped with protec- 
tive boots, . are used* to precheck the ppera- 
^tion of the <high level shutoff valves at 
the start of pressure refueling operations. 

HIGH LEVEL SHUTOFF VALVES 
(See figure 89.-) 

A high level* shutoff valve is screwed 
to ^the top o% each main fuel tank forward 
ceyll and the forward and aft auxiliary* fuel 
tanks through the cabin floor. Each valve 
consists of a housing, primary and secondary 
solenoids, needle* valves, and floats. At 
the beginning u of pressure refueling opera- 
tions, the PRI * TEST and 1SEC TEST precheck 
switches , are pressed independently.. This 
actuates the appropriate ^solenoid, which 
electrically raises the floats to test shut-' 
off capabilities of the valves. Fuel en- 
tering the tanks passes through the fueling 
valves and PRI* and SEC ports- df the valves. 
As the fuel level in the tanks increases, 
tfre floats rise, decreasing the needle vaJLve 
opening. When .the fuel reaches the predeter- 
mined full l^vel/ the floats close the nee- 
dle, valves, creating a pressure buildup* 
in the fueling Valve, stopping fuel flow 
to the tanks. 

PRESSURE FUELING VALVES 
(See figure 89.)* 

A pressure fueling valve is Itn each 
main fuel tank forward cell and in the for- 
ward portion of the forward and aft aux- 
iliary fuel tanks. Each valve consists of 
a housing, poppet, diaphragms, and springs 
During pressure refueling, the poppet un- 
seats, permitting fuel flow to the tank 
and through the PRI and SEC ports to ttfe 
high level shutoff" valve.. When the fuel 
tank reaches the pre-determined full level,, 
the < high level shutoff valve blocks the 
PRI and SEC fuel flow, creating a pressure 
buildup.* This pressure buildup will cause 
the diaphragms to expand, closing the poppet 
and stopping fuel flow through the valve. 
The spring aids in plosing the poppet, when 
the diaphragms expand and keeps the poppet 
•seated. 
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PRESSURE DEFUELING SYSTEM 
(LIMITED) 



The system consists of the components 
of the pressure refueling system. When de- 
fueling is desired, connect a source of 
2$ volts DC power and engage the HI LEVEL 
SHUT-OFF circuit breaker. Hinge down the, 
pressure refueling cover and remove the 
valve adapter cover. Position and properly 
ground the de fueling nozzle and insert it 
into the, valve adapter. Press the PRI TEST 
and SEC TEST high lev^l shutoff switches 
together and apply suction force through 
the defueling hose, p beginning the defuel- 
ing process. Fuel will then be drawn from 
all tanks simultaneously until one of the 
four tanks is empty. The air ingested from 
the empty tank will cause the defueling 
operation from the remaining tariks^to cease. 
The amount of fuel left in the various tanks^ 
wiJLl* depend entirely on the initial quan- 
tities of fuel in each tank. 




1 Access Cover (Fuel 
Cell) 

2 Conduit (Electrical) 

3 Screws 

4 Screws. Washers 

5 Cabin Flooring 

0 Valve (High Level 

Shutoff) 
7 Tube 

6 Bolt, Washsrs 

9 Bolt, Washers, Nuts 

10 'Plug, Packing 

11 Valve (Fueling) 

12 Gasket > 



13 Bracket 

14 Gasket 

15 Connector 

16 Tee, Nut, Packing 

17 Relief Valve (Packing) 

18 Tee, Nut, Packing 
19 v . Relief Valve (Packing) 

20 Tube 

21 Tube a » ' 

22 UnionfrPacking 

23 Union, Packing 
34 Washer (Sealing) 

25 Fuel Cell 

26 Union 



INFLIGHT GBAVITY REFUELING SYSTEM 



Aircraft modified by AR&SC Engineering 
Specification 13470.14 DO NOT have inflight 
gravity refueling connections. 



Figure 89. - High level shutoff and fueling 
valves. 



RELIEF VALVES 
(See figure 89.) 



The valves, one in each tee on each 
fueling valve and in the pressure fueling 
tube in the aft main tank forward cell, 
* prevent v pressure surges from da m aging fuel 
system components during pressure refuel- 
ing. If pressure increases to 60 psi, the 
valves open, venting pressure into the fuel 
tanks until pressure drops to 55 psi. 



FUEL TRANSFER SYSTEM 
(See figures 93 and 94.) 



The system consists of two transfer 
switches on the fuel management panel, three' 
transfer valves, three fuel ejector units, 
and three level control ^alves. The system, 
upon selection, transfers fuel from the 
forward and aft auxiliary tank to the for- 
ward main tank and from the aft auxiliary 
tank to the aft main tank. To transfer fuel 
from the forward auxiliary tank to the for- 
ward main tank, position the forward main 
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tank transfer switch to FWD AUX. To trans- 
fer fuel from the aft auxili&ry tank to 
the forward main tank, position the forward 
main tank transfer switch to AFT AUX. To 
transfer fuel from the aft a,uxiliary tank 
to the aft main tank, position the aft main 
transfer switch to AFT AUX." When fuel^trans- 
fer is desired, position >the transfer switch 
to the desired AUX position. This opens « 
the transfer valve, permitting fuel under 
boost pump pressure to enter the fuel ejec- 
tor unit^ starting fuel transfer to the 
main tank. As the" fuel level in the main 
tank increases , the level control valve 
float rises wi€h the fuel level. This de- 
creases fuel flow into the main tank until 
the valve closes and" stops fuel flow. As 
the fuel level in the main tank decreases, 
the level control valve opens, which starts 
fuel transfer. This- will continue until 
auxiliary fuel is exhausted or the transfer 
switch is positioned to OFF. 

FUEL TRANSFER VALVES 
(See figures 90 and 94.) 

Each* gate valve in the fuel lines 
'between the boost pumps and fuel ejector 
units in the auxiliary fuel tanks consists 
of a motoxj, limit switches, and relief val- 
ves. When fuel transfer is desired^ position 
the appropriate " fuel transfer switch on 
the fuel management panel to the tank posi- 
tion. This actuates the motor to open the 
valve. When the valve is fully open, the 
motor actuates the limit switch*, cutting 
electrical power to stop the motor. Simul- 
taneously, the other limit switch is closed 
so the valve can be closed by positioning 
the transfer switches to OFF. When the val- 
ve opens, fuel from the appropriate boost 
pump reaches ^the fuel ejector units in the 
auxiliary fuel tanks ,* starting fuel transfer 
to the main fuel tanks. 



LEVEL CONTROL VALVES 
(See figure 91.) 



Three float-type valves, ' one in each 
main tank forward cell and forward main 
tank aft cell, stop fuel transfer from the 
auxiliary fuel tanks when the fuel level 
of the main tanks reaches a predetermined 
fuel level. The valve in the forward main 
tank forward cell controls fuel, transfer 
from the forward auxiliary fuel tank, and 
the valve in the aft cel\ controls fuel 
transfer from .the aft auxiliary fuel tank. 
The other <valve in the forward cell of*the 
aft main fuel tank controls fuel transfer 
from the aft auxiliary fuel tank. 



FUEL EJECTOR UNITS 
(AUXILIARY TANKS) 
(See* figure 92.) 



Three fuel ejector units are bolted 
to supports, one in the forward auxiliary 
fuel tank and two in the aft auxiliary fuel 
tank. A line from the appropriate boost 
pump supplies fuel to the base of the units, 
passing fuel 'through a restricted throat. 
This increases fuel velocity while decreas- 
ing pressure, thus syphoning auxiliary tank 
fuel. The forward auxiliary tank unit trans* 
fers fuel to the' forward main tank forward 
cell* The aft auxiliary tank^units trans- 
fer fuel to the forward main tank aft cell 
and the aft -main tank forward' cell. A check 
valve is in each unit's inlet line to pre- 
vent air from entering the engine driven 
fuel pump if the boost pumps should fail 
and the fuel level- should drop below the 
unit inlet. 
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MAIN TANK ro*WA*0 
CELL VALVE (TOPICAL) 




1 Tube 

2 Nut 

3 Washers 

4 Washer (Sealing) 

5 Fuel Cell 



MAIN TANK AFT CELL VALVE 



6 Bulkhead 

7 Spacer 

8 Bulkhead 

9 Fuel Cell 

10 Washer (Sealing) 



11 Valve (Level Control) 

12 Tube 
V5 Nut 

14 Washer 

15 "bulkhead 



Ifi Fuel Cell' 

17 Washer (Sealing) 

18 Union* 
10 Tube 

20 Valve (Level Control) 



Figure^91. - Level control valves. 



M2. 




© 




1 Tube 

2 Fuel Ejector Unit 

3 Tube 

4 Support 

5 Tube 

« Fuel Ejector Unit 

7 Bolt, Washer, Nut 




8 Tube 

9 Washer (Sealing) 

10 Sump Drain Valve 

11 Washer (Sealing) 

12 Bolt, Washers, Nut 

13 Bolt, .Washer, Nut 

14 Spacer 



$ 3*447 iff 1) 9 

15 Bolt, Washer 

16 Support 

If Washer (Sealing) 

18 Fuel Ejector Unit 

19 Tube 

20 Bolt, Washers, Nut 

21 Tube . 



Figure 92. - Auxiliary fuel tanks fuel ejector units. 



156 




154 



ERIC 




9 

ERIC 



* ELECTRICALLY INTERLOCKED 
•' BOTH CANNOT BE OPENEO^ 
SIMULTANEOUSLY 



COLLECTOR CAN (2) 
FUEL EJECTOR PUMP 0 
FLAP MfcLVE (2) 

NQ2 BOOST PUMP 
(MOMTOR BUS) (2) 

NQI BOOST PUMP 
(PRIMARY BUS) (2) 

MANUAL OEFUEL V^LVE (4) 



MOT FUEL MANAGEMENT 

— PRESSURE REFUtLING 
■a- DUMP 

PRECHECK AND SMUT- OFF 

EJECTOR INDUCED^ LOW 

ENGINE fEED " 



IS? 



Ki/'uic 93, - KUcl syst*M schematic, 
« 155 
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REVIEW 



This material has been a continuation of the HH-3F fuel system 
and its components. 

(Now answer the following review questions.) 



81. Before pressure refueling the HH-3F, 81. -B (Refer to page 149) 

you must Insure that the ■ will op- # 

erate corcectly. , c J 




A, motor-operated shut off valve 
8. high level shut off valve 

C. float valve 

D. boost pump 

82. What terminates an HH-3F pressure de- 82 . -A '(Refer to page 150) 
fueling operation? 

A. A tank becoming empty 

B. Low level warning actuation 

C. The high level shutoff valve 

D. Pressure fueling valve actuation 

83. Which of the below are components of 83. -A (Refer to page 150) 
the fuel transfer system? ^ , 

1. Fuel ejector units * 

2. Level control valves 

3. High level shutoff valve 

4. Flapper valve 

* •» 
A; 1 and 2 only 

B. 1 and 3 only 

C. 2 and 3 only 

D. 1, 2, and 4 v 

84. * The aft auxiliary tank ejector units 84. -AN (Refer to page 151) 
transfer fuel to the . 

A. forward main tank aft cell. 

B. forward main tank forward cell. 

C. aft main tank aft cell. 

D. forward auxiliary tank aft cell. 

85. What is the total, number of fuel sump 85. -B (Refer to pafee 155) 
drain valves on the HH^3F? 

A. 4 t 

B> 6 

C. 8 

D. 10 
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COMMUNICATION SYSTEMS 



OBJECTIVES 

When you complete this section, you will be able to: 

1. Describe the HH-3F ICS system and ICS system components. 

2. Summarize the operation of the UHF communication system. . * 

3. Identify the components of the HH-3F UHF system. 

4. Explain the operation of the HH-3F VHF-FM/COMM radio system an4 
identify its components. 

* 

5. Explain the operation of the HH-3F VHF/OOMM radio system and i- 
dentify its components. ' ' / 

6. Describe the HF/COMM radio system. 

7. Explain the IFF transponder system and identify its components. 



INTERCOMMUNICATION SYSTEM (ICS) AN/AIC-18 



6 The AN/AIC-18 intercommunication sys- 
tem, ICS, provides communication between 
the various crewraembers. The ICS also links 
the audio channels of the communication 
and associated electronic equipment, to pro- 
vide simplified control and simultaneous 
operation. The system is controlled through 
identical ICS control and monitor panels, 
provided for "the pilot, copilot, and ayion- 
icsman (figures 95 and 97). In addition, 
the copilot has a remote ICS switch. The 
hoist station is equipped with a monitor 
panel, ICS station, and a hot mike switch 
(figure 99). The cabin aircrewroan's station 
(jump seat) is equipped with an ICS station 
and a monitor panel (figure 96) . The aft 
cabin station is equipped with an ICS sta- 
tion and a hot mike switch (figure lfcl). 

The ICS circuits for the pilot, co- 
pilot, avionicsman, and crewmen are powered 
by the DC primary bus. The forward and aft 
exterior ICS receptacles are on the crew- 
man's ICS circuit (figure 98). When the 
forward external ICS receptacle is in use, 
the jump seat ICS station is inoperative. 
When the aft external ICS receptacle is 
in use, the aft cabin ICS station is inop- 
erative. The pilot's and avionicsman 1 s ICS 
circuits are protected by circuit breakers 
on the pilot's circuit breaker panel. The 
circuit breakers are marked PILOT and NAV 
under the general headings DC, PRI, and 



copilot's and crewmen's ICS cir- 
are protected by circuit breakers 



ICS. The 
cuits 

on the copilot's circuit, breaker panel. 
The circuit breakers are marked CO-PLT and 
CREW under the general headings DC, PRI, 
and ICS. (See tables 4 and 5). 

ICS CONTROL 

The ICS control, marked INTER, is a 
panel-mounted assembly on the pilot's, co- 
pilot's, and avionicsman' s consoles. All 
switches and controls are front mounted 
except the external talk switch. Seven sepa- 
rate combination monitor selector/volume 
controls enable monitoring > and individual 
listening level adjustment of the seven 
auaio lines. The associated monitor switches 
are pulled out to monitor the desired audio 
lines. The level of the individual audio 
line is adjusted by rotating the associated 
monitor volume control. The six monitor 
selector/volume controls used are marked: 
INT, UHF, VHF, HOT MIC LISTEN, HF, and FN. A 
HOT MIC TALK switch is also on this panel. A 
rotary selector switch enables transmission 
and reception on ICS or selected radio 
communications systems. The switch is marked 
INT, UHF, VHF, HF, and FM f The external talk 
switches control operation of the selected 
transmitter. The ICS control panel also 
contains a. VOL control to adjust the signal 
level to the associated headphones, a HOT 
MIC TALK on-off switch, and a CALL button 
for emergency call operation. 
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, Figure 95. - tCS systcln avionicsman 
AN/AIC-18. 



The ICS controls provide four modes 
of microphone operation: one button, two 
button, HOT MIC, and CALL. The aviohicsraan 
has one-button operation which provides a 
capability to talk on the interphone line or 
a radio transmitter, as selected by the 
rotary selector switch. Two-button operation 
is a mode whereby the pilot and copilot may 
talk on, the interphone line or a selected 
radio transmitter without the need for oper- 
ating the selector switch on the ICS control 
panel. This capability is provided by rocker 
switches located on the pilot's and copi- 
lot's cyclic pitch stick. In addition, the 
Copilot may talk on interphone or a selected 
radio by using the t copilot f s remote ICS 
switch* HOT MIC operation provides hand free 
intercommunication. CALL operation provides 
exalted intercommunication for high-priority 
or emergency messages. The call signal is 
heard at least six decibles louder than any 
other signal present. 



ICS STATION 



The ICS station is a bulkhead-mounted 
assembly with two controls mounted on, the 
front panel. The VOLUME control adjusts 
the signal level to the headphones. The 
CALL button, which has a cap guard and 
chain, provides for emergency call operation 
on the interphone line. A plug connector 
and associated cable is used to connect 
the headset-microphone to the ICS station. 
The plug connector is a telephone jack with 
a push-.to-talk switch and clip. (See fig- 
ures 100 and' 101). 
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Figure 96. - INTERCOM system components - location dia*ra*. 
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ICS ROCKER SWITCH, PILOT'S AHO COPILOT'S 
OETAIL C 



retract 

REMOTE/ ICS 
OFF 

HACK), 



ICS SWITCH PANEL, REMOTE, COPILOT'S 
DETAIL 0 




-SEE DETAIL D 
- SEE DETAIL A ANO t •/ 
-kSEE DETAIL C 
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Figure 97. - ICS System pilot copilot AN/AIC-18. 
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ISO 




AFT EXTERNAL. ICS 
RECEPTACLES 



Figure 98. - ICS external stations 
AN/AIC-18. 
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ICS MONITOR CONTROL 
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AT HOIST OPERATOR'S RADIO STATION 



HOIST OPERATOR'S 
RADIO STATION —| 




S 8621 (C3) 



Figure 99, - 



ICS system hoist operator 
AN/AIC-18. 



TABLE 4. 

INTERCOM EQUIPMENT COMPONENTS - LEADING PARTICULARS 
COMPONENT 4 + JUNCTION 



Intercommunication Set 
Controls 



Intercommunication Station 
Panels 



Provides selection of comunications recep- 
tion-transmission ^ and .intercommunication 
control to pilot/ copilot, and avionicsman 
stations . 

Provides intercommunications for hoist op- 
erator, cabin airprewman, and aft cabin 
stations. Cabin aircrewman and aft cabin 
stations are electrically connected to fore- 
and-aft external ICS receptacles. 
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TABLE 4 (Cont.) 



COMPONENT 



Monitor Panels 



FUNCTION 

Provides additional monitoring circuits for 
pilot, copilot, avionicsman, cabin aircrew- 
man, and hoist ^operator stations. 



V 



ASSOCIATED EQUIPMENT COMPONENTS 



INTERCOM Junction Box 



ICS-RADIO Switches 



Microphone Switch 

Cord Assembly * / 

Headset Microphone 
Copilot REMOTE ICS-RADIO 
Switch 



External fore-and-Xft ICS 
receptacles 

Relays K6 and K7 



Hot 'J^ke Switches 

Junction Box > 
(On helicopters which have received 
first airframe overhaul and CG 1480 
and subsequent 



Provides load for and distributes intercom- 
munication, communication, and navigation 
audio input and output signals* 

Allows pilot and copilot to key INTERCOM 
system or selected communication system. 
Provides ground path when pressed to ICS 
or RADIO. 

Allows avionicsman to key selected INTERCOM 
or communication systems . Allows "orewman 
to key INTERCOM system. 

Provides means 6f communication. When the 
switch is positioned to ICS', allows copilot 
hands-off INTERCOM key operation. Spring- 
loaded RADIO position returns to OFF when 
released. ■ * 

Provides electrical connection to cabin air 
crewman and aft cabin stations for outside 
helicopter communications . \^ 

When de-energized, relays allow INTERCOM 
reception and transmission from aft cabin 
and cabin aircrewman stations. When ener- 
gized, relays disconnect INTERCOM reception 
and transmission signal paths from, aft 
cabin and cabin aircrewman stations micro- 
phone switch cord assemblies, allowing IN- 
TERCOM reception and transmission through 
fore-and-aft external ICS receptacles. 

Allows hoist operator and aft cabin stations 
to transmit on hot mike. 

Provides electrical connection for crewman's 
microphone switch cord assembly. 



TABLE 5. STATION MODES OF OPERATION 





NORMAL 


CALL 


HOT MIKE 


STATION 


INTERCOM 


INTERCOM 


INTERCOM 


Pilot 


X 


r 


X 


Copilot 


X 


x 


X 


Avionic sraan 


X 


X 


X 


Hoist 


X 


X 


X 


Operator 








Aft Cabin 


. X 


X 


X 


Cabin Air 


X 


X 




Crewman 









COMM/NAV 
RECEPTION, 

X 
X 
X 
X 



CO MM 
TRANSMISSION 

X 
X 
X 
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167 



152 



HOT mi* E 




ON . 






to 


t 




Off 






AT AFT CA6IN ^AO 10, STATION 




af t Cabin 
raoio station 



Figure 100. - ICS system aft cabin station 
AN/AIC-18. 

ICS MONITOR CONTROL 



The monitor panel, marked RAD, is a 
panel-mounted assembly with eight combina- 
tion monitor selector/volume controls. At 
the pilot.' s, copilot's, and avionicsman con- 
soles, only four are used, and they are 
marked ADF, TAC, VHF NAV, and MKR BCN . These 
monitor switch-volume controls permit moni- 
toring of navigational systems which have 
output signals in the audio range. The hoist 
operator's, and cabin aircrewman ' s, stations 
are equipped with a monitor panel marked 
RAD and HOIST OPERATOR, and seven of the 





AT JUMP SCAT ft AO *0 STATION 




JUMP SCAT 
RADIO STATION 



Figure 101. - ICS system jump seat 
AN/AIC-18. 

eight monitor selector/volume controls are 
used. They are marked INT, UttF, HF, HOT 
MIC LISTEN, VHF, FM, and ADF. These controls 
permit monitoring ^and individual listening 
level adjustment. 

HOT MIKE SWITCH 

The hoist operator and aft cabin sta- 
tions are equipped with a two-position HOT 
MIKE switch with the marked positions ON 
and OFF. These switches permit hands-free 
intercommunication. (See figure 99 and 100), 

UHF/COMM RADIO SET AN/ARC-51 A 

The UHF/COMM system AN/ARC-51 A is com- 
posed of a receiver-transmitter and a con- 
trol panel. (See figure 103.) The set pro- 
vides two-way voice communication between 
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- FUNCTION setECTO« 



SO DISABLE 
OF F f on 



•<g>< 



( 2 2 5- 0 -0~1 





''Figure 102. - UKF/COMM radio AN/ARC-51 A. 

land-based, seaborne or airborne stations.' 
This can be accomplished on any one of 20 
preset frequencies or by manually selecting 
any one - of 3, 500 .channels spaced at 50 kHz 
intervals 'within the equipment's frequency 
range of 225.0 through 399.95 MHz. The radio 
set includes a guard receiver which permits 
continuous monitoring of the guard frequency 
at the same time the main transmitter re- 
ceiver is tuned to a tactical' frequency. 
In addition, the radio set provides automatic 
direction finding (ADF) in conjunction with the 
direction finding group DF-301. JVlagnetic bearing 
will be displayed by the No. I pointer on both 
RMI's. 

The UHF/COMM system is equipped with 
two antennas. The antenna normally used 
is located above the cockpit, and the alter- 
nate antenna is located aft on the bottom 
of the pylon. The alternate antenna is used 
*to .eliminate UHF transmission and reception 
dead spots. 

The AN/ARC-51A UHF radio set is powered 
from* the No. 2 AC ' primary bus and the DC 
primary bus. The circuits are protected 
by circuit breakers on the pilot's circuit' 
breaker panel. The AC circuit breaker is 
marked UHF, under the general heading NO. 
2 AC PRI. The DC circuit breaker is marked 
UHF, under the general headings DC^and PRI. 



are the function selector, the mode selec- 
tor, th^preset channel control, the preset 
channel indicator, the frequency selectors, 
the frequency display window, the volume 
control, . and the f squelch disable switch. 



Function Selector 

The function selector has four posi- 
tions'. In the OFF position, ' all power is 
* removed from the equipment. The T/R position 
energizes the receiver-transmitter, and the 
T/R + G energizes the receiver-transmitter and 
guard receiver. In the ADF position, the DF-301 is 
energized to provide automatic direction finding 
operation. 



Mode Selector 



The mode selector has three positions. 
The PRESET CHAN position permits selection 
of one of 20 preset channels by means of 
a preset channel control. In the^^WtN posi- 
tion, 3,500 frequency channels may be selec- 
ted by using the manual frequency selectors. 
The CD XMIT position selects the preset 
guard frequency for the transmitter and 
receiver, with the function selector set 
at T/R. Setting the function selector to 
T/R + G, With the mode selector set at GD 
XMIT, turns the guard 'receiver on and places 
the transmitter, guard receiver, and^main 
receiver on the guard frequency. 

t ' ' 
Preset fehannel Control 



The preset channel control selects any 
one .of the 20 preset channels, The preset 
channel indicator displays the preset chan- 
nel. * 



Frequency Selectors 



Frequency selectors provide manual fre- 
quency selection when the mode selector is 
set at MAN. I 



UHF/COMM CONTROL PANEL 



Vol Control 



The operating controls located on the The VOL control 

AN/ARC-51 A radio control panel (figure 102) 0 f the receiver. 
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STANDING WAVI 
■ ATM) INDICATOR 
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COAXIAL IlLAt MIM *■* » 
tit AT MOUNT Mf IM2 A»A.?S 



Figure 103. 



- UHF/COMM system components - 
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location diagram. 
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SQ Disable Switch 



The SQ DISABLE switch has two positions. 
In the ON position, the receiver Squelch is dis- 
abled. In the OFF position, th^ receiver squeldfv 
Circuit is unaffected. <* 



1. Function Switch (UHF/COMjM Control 
Panel) AS REQUIRED. 

2. Aptenna Switch, (UHF ANTENNA 
Switch FWp^D - AS REQUIRED, (See figure 104). * 

*. V * MC 

{ 3~ ICS Monitor Selector ^Volume Control 
- UHF. 



Antenna Selector Switch 



The antenna selector switch, marked FOR- 
WARD and AFT, is on thfc UHF ANTENNA switch 
panel (figure 104) located'on the center console. 

t • * 



UHP/COMM OPERATION 



To turn set on: 



® 



SHOUT 0 



ANTE MA 
POJtWAAO 



5(8)j$ ® (0) 

2 LONG e „ APT 



1 UU (17) 



4. ICS Transmit Selector Switch UHF. ■ 

5. Squelch Disable Switch - OFF? 

6. Volume Control Knob (UHF/COMM 
Control Panel) - AS REQUIRED. 

7. Mode Selector (UHF/COMM -Control 
Panel) -» AS REQUIRED. 

* ** 

8. Preset Channel Control (UHF/COMM 
Control Panel) - AS REQUIRED. 

^ 

9. To transmit from the pilot's position - 
DEPRESS THE MICROPHONE TRIGGER SWITCH 
ON THE CYCLIC STICK GRIP Tt> THE RADIO 
POSITION, AND SPEAK INTO THE MICRO- 
PHONE. 

10. To transmit from the copilot's position 
- DEPRESS tyE MICROPHONE TRIGGER 
SWITCH ON THE CYCLIC STICK GRIP OR 
PLACE THE COPILOT'S REMOTE ICS SWITCH 
TO THE RADIO POSITION AND SPEAK INTO 
THE MICROPHONE. 



Figure 104. - UHF switch p^nel. 



To secure set: 

1. Function Switch (UHF/COMM Control 
Panel) - OFF/ 



/ 
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REVIEW " t 



This section has covered the ICS and UHF communications systems 
on the HH-3F. You need to be familiar with these systems to be a 
flight mechanic on the HH-3F. 

(Now answer the following review questions.) 



86. The - HH-3F has a total of 

ICS stations. * 



36. -C (Refer to page 161)' 



•A 
B 
C 
D. 



2 
4 
6 



- D. 8, t 



87. 'Two-button Operation is a mode" 
of microphone operation provided by the „ 
ICS controls. By selecting this mode, the ^ 
pilot has 



87. -B (Refer to page 162) 



A. the capability to "talk on the 
* ^'interphone line as selected by 

the rotary selector switch 

B. Xhe capability to talk on, the 
interphone "line without operating 
the selector switch on the ICS 
control panel 

C. free-hand intercommumications 

'b. exalted intercommunication for 
high-priority messages 



88. > . Which ICS stations are equipped 
with a two-position HOT MIKE toggle switch? 



8§.-B (Refer to page 167) 



1. Pilot 

2*. Copilot 

3. Av ionic sman 

4. "Hoist operator 

5. \£t cabin 



A. 1 and 3 only 

B. 4 and 5 only 

C. 1, l\* and 4 only 

D. 1, 2, 4, and 5 only 



39. The antenna normally used for the UHF/ 
COMM system is located^ . 



89. -A This antenna is ahead of the 

FOD shield. (Refer to page 168) 



A. 
B. 



D . 



above the cockpit 

on the right-hand side of the 
fuselage 1 
aft on top of the pylon 
aft on the bottom of the pylon <• 
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90. The AN/ARC-51A UHF radio set gets 90.* -D (Refer to paae 168) 
its power fj^oa , . . ° ' 

A. 28V DC "and No. 2 AC radio bus ' 

B. 26V DC and No. 1 AC radio bus * * 

C. No. 1 AC primary bus and DC pri- m < . 
nary bus , , k 

D. No. 2 AC primary bus and DC pri- , 

nary bus * ^ *. a 

91. The UHF antenna selector switch 91. -C < (Refer to page 170) 
i* located on the . 

A. instrument panel 

B. overhead switch panel 

C. center console 

D. radio control panel 



/ 
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VHF-FM/COMM RADIO SET RT-9600 

The VHF-FM COMM system RT-9600 is 
composed of a receiver-transmitter and a control 
panel. The set provides two-way voice communi- 
cations between land-based, seaborne, or airborne 
station's. This' may be accomplished on any one of 
9,600 manually selected channels spaced at 2.5 
kHz increments in the 150.0000 to 17-3.9975 MHz 
frequency range. The radio set includes a two 
channfcl guard receiver with priority interrupt 
function- These guard channels caYi be 1 set to any 
frequency in the 150?0000 to 173.9975 MHz range. 
The international VHF-FM guard frequency is 
156.800 MHz. The set is used in conjunction with 
the DF-301 Homer. 






T 
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Figure 105. - VHF-FM/COMM Control Unit 



VHF-FM/COMM Control Unit (Fig. 105) ■ 

The C-961 VHF-Flvf control unit, located on 
the center console, irr marked VHF-FM. The con- 
trol unit contains frequency select switches, 
preset channel selector, function select switch, 
hi-lo power switch, transmit select switch, and 
volume and squelch controls.* 



Frequency Select Switch 

; Six thumb wheel frequency selector 
switches provide for the manual selection of 9,600 
channels from 150.00 to 173.9975 MHz in 2.5 kHz 
steps. The frequency selected is indicated directiy 
on the switches. Thfe manual mode is selected *by 
aligning the preset select switch with the line 
connecting the two sets of switches. 

^ NOTE 

Do not change the frequency indicator 
selector switch settings while keying the 
transmitter, as damage to the radio set may 

occur. 



Preset Channel Select Switch 

* The preset channel select switch provides 
for the selection of any one of the 1 1 preset 
channels as listed on the face of the control unit. 



Function Select Switch 1 , / 

N 

The function select switch has four posi- 
tions: OFF, TR, TR+G1, and TR+G2. In the OFF 
position, power is removed from the set. The TR 
position energizes the receiver-transmitter to the 
manually selected or preset frequency. The 
TR+Gi or +G2 position" energizes the main re- 
ceiver-transmitter and the v guard receiver. The 
frequency of the guard receiver is preprogrammed 
and is selected by the switch position. 



High-low Power Switch 

A high-low power toggle switch selects the 
transmitters power output, 1 watt for LO and 10 
watts for HI. ' 



Transmit Frequency Select Switch 



The transmit frequency select toggle switch 
i6 used -to select the transmitter frequency. In the 
MAIN position, the transmitter frequency will be 
that selected by the frequency select switches. In 
the GUARD position, the frequency wifl be either 
the preset Gl or G2 frequency. 



Squelch and Volume Controls 

There are two set of squelch and volume 
controls: main receiver and guard receiver. The 
volume control adjusts the receiver's audio 
listening level. The' squelch control adjusts to 
eliminate receiver background noise. Beside each 
control is a s<quelch lamp. The Jamps indicate 
when there is a signal on the main receiver or 
guard receiver. 

VHF-FM/COMM OPERATION 

To turn set ON: 

1. Function selector switch (VHF- 
FM/COMM Gontrol^anel) - AS REQUIRED. 



2. 



ICS receiver select switch -FM - ON. 
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3. ICS transmit select switch - FM. 

k. Frequency Selector switches (VHF - 
FM/COMM control panel) - AS REQUIRED. 

* 5. HI-LOW PWR. switch (VHF- 
FM/COMM control panel) - AS REQUIRED. 

6. 'VOL control knob (VHF-FM/COMM 
control panel) -,AS DESIRED. 

* <- 

7. Squelch control knob (VHF-FM/COMM 
control panel) - AS REQUIRED. 



VKF/COMM RADIO SET AN/ARC-8* 

The VHF/COMM m system AN/ARC-8* is 
composed of a receiver, a transmitter, and a 
control panel. (See figMre 106.) The set provides 
two-way voice communication between iand- 
based, seaborne and airborne stations. The 
transmitter and receiver are designed to operate 
on crystal controlled channels spaced 50 kHz 
apart. The range of the transmitter is 118.0 
through 135.95 MHz., and the range of the re- 
ceiver is 108.0 through 135.95 MHz. In addition, 
the receiver is designed to operate in conjunction 
witrf the DF-301 direction finder group to allow 
VHF/ADF homing. Magnetic bearing will be dis- 
played by the No. 1 pointer of both RMI's. The 
VHF receiver and transmitter are powered by the 
DC primary bus. The receiver and transmitter are 
protected by circuit breakers on the pilot's circuit 
breaker panel. The circuit breakers are marked 
RCVR^and XMTR under the general headings DC, 
PR!, and VHF. 



VHF/COMM CONTROL PANEL 

The operating controls are provided by a \ 
control panel (figure 107) marked COMM, located 1 
on the cockpit center donsole. The panel consists 
of two frequency selectors, the frequency^display 
window, the offK>n/voiume control, a squelch 
control, a momentary VHF-ADF homing select 
switch, a VOR momentary check switch, and a 
mode selector switch. 



Frequency Selectors 

The frequency selectors mechanically select 
and display frequencies spaced 50 kHz apart over . 
the 108.00 through 135.95 MHz range. 



VOV OFF Switch 

The VOL OFF switch provides power control 
to the radio and Volume control of the audio level. 




FREQUENCY 
&€LeCTOftS 



VHF-ADF MOMENTARY / 

homing switch ■ 



Figure 107. - VHF/COMM radio AN/ARC-8*. 
SQ Control 

The SQ control eliminates background noise. 

ADF Switch 

The momentary ADF homing select switch 
displays magnetic bearing with the No. I pointer 
of each RMI, as long as the swjtch is held down. 

VOR Check Switch 

The VOR momentary check switch is in- 
operative on the VHF/COMM control panel. 

VHF/COMM OPERATION 

To turn set on: * 

1. VOL OFF Switch (VHF/COMM Seiec- 
: tor Panel) - ON. 

2. ICS Monitor Selector/Volume Control 
- VHF. V. 

3. ICS Transmit Select Switcfi - VHF. 

k. Frequency Selectors (VHF/COMM 
Control Panel) - AS REQUIRED. 

5. SQ Control (VHF/COMM Control 
Panel) - AS REQUIRED. 

6. To transmit - DEPRESS THE MICRO- 
PHONE TRIGGER SWITCH ON THE CYCLIC 
STICK GRIP TO THE RADIO POSITION, AND 
SPEAK INTO THE MICROPHONE. 
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To secure set: 

4 l\ VOL OFF Switch (VHF/COMM Control 
Panel) - OFF. i 

HF/COMM RADIO SET AN/ARC-94 

The HF/COMM system AN/ARC-9<f consists 
of a receiver-transmitter, two control panels, an 
antenna, a coupler, and a coupler blower. (See 
figure 108). The system provides a two-way voice 
communication between land-based, seaborne, and 
airborne stations. The operating frequency range 
is from 2.0 to 29.999 MHz, divided into 28,000 
discrete channels in one kHz increments. The 
HF/COMM system receives and transmits on 
either single sideband (USB or LSB) or amplitude 
modulated equivalent (AM). The receiver trans- 
mitter and the coupler blower are both powered 
by the No. 2 AC primary bus. The radio set uses 
<f00-Hz three-phase 1 13-volt AC, and the coupler 
blower uses <f00-Hz single-phase 113-volt AC 
power. Each unit is protected by a circuit breaker 
on the pilot's circuit breaker panel. The circuit 
breaker is under the general heading NO. 2 AC 
PRI. The receiver and transmitter circuit breaker 
is marked HF, and the coupler blower circuit 
breaker is marked HF COUPLER BLOW CB: The 
control circuit illuminates the avionicsman's HF 
control light (figure I II) and is powered by the 
DC primary bus. This circuit is protected by a 
circuit breaker on the pilot's circuit breaker 
panel. The circuit breaker is under the general 
heading DC PRI and is marked HF. 

HF/COMM OPERATING CONTROLS 

The system is remotely controlled by either 
one of two control panels (figure 109) marked HF. 
One control panel is located on the copilot's 
console and the other on the avionicsman's con- 
sole. In addition, the copilot's console contains an 
HF/COMM switch panel (figure 110) with marked 
positions RADIO NAV and COPILOT. This switch 

-permits' the copilot to transfer control to or 
remove control from the avionicsman's control 
panel. The COPILOT position gives control oPfhe 
set to the copilot^ and the RADIO NAV position 
gives control of the set to the avionicsman. An 
advisory light (figure 111), marked HF CTR, is 
illuminated on the avionicsman's console above 
the HF/COMM control panel when the avionics- 
man has control. Both HF control panels contain a 
mode selector, four frequency selector knobs and 

-associated display window, and a volume control 
knob. 




Figure 109. - HF/COMM radio AN/ARC-9<f. 




Figure 110.— HF/COMM, switch panel. 




Figure 111. - HF/COMM control advisory light. 
Mode Selector 

The mode selector has four marked posi- 
tions: OFF, USB, LSB, and AM. The OFF position 
removes aircraft power from the set* Jhe USB 
position selects upper sideband operation, and the 
LSB position selects lower sideband operation. 
The AM position provides amplitude modulation 
operation of the radio. 

Frequency Control 

The control panels each have a frequency 
display window that reads in megahertz and four 
frequency selector knobs to select operating fre- 
quencies. (See figure 109.) 
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Volume Control 

A volume tontrol knob marked ,RF SSNS 
adjusts the receiver sensitivity of the receiver- 
transmitter. < - ♦ « 

WARNING 

During groupd operation <©f the AN/ARC-94, 
8 ensure that personnel are clear of the an- 
tenna* Serious burns may result if bodily 
contact is made with the antenna during 
ground operation. [ 

WARNING 




DEPRESS MICRO- 



ip hot transmit in 3.0 and 3.6 MHz range 
during Boppler or coupler hover operation. 
Transmission in this range will jfre suit in 
erratic aircraft attitude. /* 



HF/COMM RADIO SET AN/ARC-94 OPERATION 
To put the equipment into operation: 

1. HF/COMM Corvtrol Selector $witch 
.(HfVCOMM Switch Panel) - AS REQUIRED. (See 

. figure 1.10.) * » ' 

2. Mode Selector (HF/COMM Control 
Panel) - AS REQUIRED. 

>3. ICS Monitor Selector/Volume Control 
- HF. 

. >. . ' ICS Transmit Selector Switch - HF. 

5. Frequency Selector (HF/COMM Con- 
> troi Panel) - AS. REQUIRED. , 

, . NipTE • V 

While set is channeling, no background noise will 
be heard in the headset. The .channeling cycle is 
• complete when background noise is heard. 

6. - Microphone Switch - DEPRESS 
MOMENTARILY. 

. : * i 

' NOTE 

When microphone switch is depressed, a ondkHz 
"tone will be heard in the headset. When the tone 
disappears, antenna loading is complete and the 
set is ready for operation. « 



7. To transmit 
PHONE SWITCH. 

To secure equipment: 



X.: Function, Selector Switch "(HF/COMM 
r ContW ,Panel) ; - OFF. - 



UMS/IFF TRANSPONDER AN/APX-72 

The; AN/APX-72 AIMS/IFF transponder is 
conrtoosed of a receiver-transmitter, a trans- 
ponder set control*, a transponder inflight test set, 
an altifnetefvencoder (on helicopters modified by 
TO LH-3(I : i)F\567, and' an antenna. The trans- 
ponder provides^ IFF identification in response to 
toded interrogations from ground, seaborne, or. 
airborne stations.' In additio v n, the signals returned 
from the IFy transponder .cart be used by the 
interrogating station to determine range and azi- 
muth information. The .IFF transponder is powered 
by the DC^- primary bus and the NO. 2 AG* primary 
circuits are protected by circuit' 
on the pilot's circjuit breaker panel, 
two DC circuit breakers, marked PWR 
under the general headings DC, PRI, 
e AC <:jrcuit breaker l^piarked IFF 0A 



bus. . The£e 
breakers 
There ar 
and TES^] 
and JFF. 



under the general heading NO. I AC PRI. 



aims/iff Transponder control panel 

The transponder control 6anel, marked' IFF,, 
isjocated on the cockpit console. 

Master Switch , ' . > f 

The MASTER switch selects five conditions 
of c/peration: OFF, STBY^ LOW,, NORM, and 
EMER. In OFF, power is not applied to the set 
components. In STBY (standby), power is applied 
to components, the transponder 'is warmed up 
ready to respond, but not signals will be trans- 
mitted. In LOW* receiver sensitivity is reduced by 
IT preset amount such that only higher energy 
signals w^ill trigger tNe transponder. In NORM, the 
transponder will operate at normal sensitivity and 
Respond to interrogations in accordance with 
settings of other controls. In EMER (emergency), 
emergency signal responses will be transmitted in 
modes 1, 2, or 3/A regardless of the settings of 
the mode control toggle switches>A detent pre- 
vents accidental selection of the EMER position. 
To bypass the detent, raise 1 the center cap on the 
switch. » v v 
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\Mode Enable Toggle Switches 

Four toggle switches, marked M-l, M-2, M- 
3/A, and M-C, have three marked positions OUT, 
ON, and TEST. The OUT "(down) position prevents 
responses in £ach mode. The ON (center) position 
permits responses in each mode. The TEST (up) 
position will illuminate the, TEST light, in the 
upper section of the control box, if the trans- 
ponder is replying. 
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NOTE 

On Helicopters modified by T.O. lH-3(H)F-567, 
Mode C, when ON, operates in conjunction with 
the pilot's AAU-21/A or AAU-32/A pressure alti- 
meter-encoder to automatically provide encoded 
pressure altitude information from the helicopter 
to Interrogating ground stations with Mode C 
decoding capability. Mode C operates indepen- 
dently of the other modes selected. 
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REVTEV 



You have just completed a discussion of the VHF-ftl/comiiunication 
system, VHF/communication radio set, HF/ comunicat ion radio set, and 
IFF transponder system. This information will help you become a Quali- 
fied aircrevman on the HH-3F. * 

(Nov answer- the following review questions.) 



92. The VHF-FM Guard Frequency is 
MHz. 



92. -A (Hefer to page 173) 



A. 
B. 
C. 
D. 



156.800 
156.900 
15S.800 
159.800 



V 
93. 
961 



The Main Receive* Squelch Lamp on the C- 
VHF-FM Control Unit is illuminated when 



931-A (Refer to page 173) 



A. The RT-9600 is transmitting 

B. The Receiver Squelch Circuit fails 

C. The Main Receiver receives a> signal 

D. It is not safe to transmit 



94. The range " of the AN/ARC-84 re*- 
ceiver is ; *flz. 

A. 108.0 — 135.95 

B. 106.0 - 139.55 

C. < 118.0 - 135.95 

D. 118.0 - 139.95 

95. Which operative controls does the 
VHF/00MM control panel contain? 



i. 

2. 
3. 
4. 



Frequency display window 
Two frequency selectors 
Half duplex switch 
V0R momentary check switch 



94. -A'- -^The channels are spaced 50 kHz 
apart (Refer to page 174) 



95. -A (Refer to page 174) 



A. 1 and 2 only 

B. 3 and 4 only 

C. 2, 3, and 4 only - 

D. 1, 2, 3, and 4 

96. ' Which of the below is NCfT a posi- 
tion on the HF/COMM mode .selector? 

A. 3 OFF 

B. USB , 

C. LSB 
D . ON ' 



96. -D The HF mode selector has four 
positions. *(Refer to page 176 X 
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* 97. * When the frequency selector * on the 
AN/ARC-94 control is shifted to a new fre- 
quency, ^ the equipment is ready for two-way 
communications when . 



A. «». a frequency is selected 

B. j the tone stops 

* C.3 the channeling cycle is complete 

D. } a background noise is heard 



97. -D When the tone disappears, the 
antenna is loaded and the set 
is ready for use. (Refer to 
page 178) 



98. The IFF transpohder is capable 98. -D (Refer to pag£ 179) 

9* transmitting emergency signal responses 
in which mode(s)? 

A. 1 only 

B. 2 only 

C. - 3/ A only . , 

D. All of the above. 
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Pamphlet 656 - Dated 04/81: Make 1 the fallowing 
corrections: 

Page 3-4: Replace paragraph with the following: 

TOWING OF THE HELICOPTER ON WATER 

When a helicopter is disabled on the water, a de- 
cision must be made about the recovery method. 
Towfng has proven to be a very successful method 
provided the* conditions are correct. The conditions 
are calm seas with swells not to exceed 2 feet, tow- ■. 
ing during daylight hours only, all windows and door' 
installed and closed, and flotation bags installed and 
properly inflated. Tne helicopter may be towed 
either tail or. nose first^The preferred method i£ tail 
first because of the possible reduced damage to the 
.main rotor blades. The tow line is attached to the tail 
tie-down ring for tail-first towing and to the bow eye 
on. the nose fitting for bow-first towing. To minimize 
surging and provide the best stability, a tow Upe 
length' of 100 feet is recommended. For added sta-„ 
bility, a trippable sea drogue may be attached to the 
opposite end of the aircraft from the tow ling con- 
nection. Be extremely careful during the entire oper- 
ation to prevent damage to th$ helicopter. Any boat 
that comes alongside the aircraft should approach 
from the windward side because the helicopter will 
drift downwind more rapidly than the boat. When- 
ever possible, tow the aircraft into the wind and 
always try to avoid heading parallel to the wave 
troughs. The towing speed will be determined by the 
conditions but must not exceed 4 kts. . 

Inverted towing and salvage operations are ctf^- 
ered in Chapter 15 of CGJO. 1 H-52A-2. 



Page 3-5: Portable Fire Extinguisher. Correct 2nd 
sentence to read: 

A second CO.. fire extinguisher is located" in the 
cabin and 4 is mounted to the aft cabin bulkhead 
below the cabin/ transition access door. 

Page 3-14: Correct to read as follows: 

ip. The recommended' attachment point(s) for the 
tow line is/ are the — 

i 

A. main mount tie-down rings 

B. high tie-down rings 

, C. towing eye on tail wheel 
D. tail tie-down ring or bow eye 

17. response B. Change 5 to 4. . # 

Page 3-15: Question 26. Correct response C to read: 

* C. Behind pilot's seat and below transition 
compartment access door 

Pamphlet 655 - Make the following corrections: 

Page 8r4: Replace Figure 8-3 with attached figure. 

Page #-6: Emergency Exit Lights. Change 4th sen- 
tence to read as follows: 

The system is operated by a switch, marked 
ARM-OFF-DISAflM, located on the copilot's instru- 
ment panel adjacent to the caution/advisory light 
panel and above the Radar Altimeter. 
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Page iO-i: Interphone Control Panel. Second sen- 
tence. Change forward to aft. 

Page 10-5: VHF/COMM Control Panel, Correct 1st 
sentence to read: 

The VHF control panel, marked COMM, is located 
on the right side of the upper radio console (figure 
10-20). 

Page 10-15: GVR (G) MODE. Correct the par- 
agraph as follows: 

When the indicator is -in the GVR mode, the in- 
formation displayed depends on the position of the 
GVR/LORAN selector switch located ia the upper 
left of the pilots instrument panel. In dJVR,..%..In the 
LORAN position, Loran C information is supplied to 
the vertical bar. The b^r position indicates direction 
off cdurse to the way poii)t selected by the Loran 
computer. 

Pag</ 10-18:' LF-ADF Control Unit. 1st sentence. 
Change left to right. 

Page 10-21: Transponder Control Panel — 1st sen- 
tence. Change at to near. * 

Page 10-23: Add new subject: 

LORAN-C NAVIGATIONAL SYSTEM AN7ARN- 
133 . I 

/ The Loran-C navigational system is a.microcom- 
putarized navigator providing continuous navigation 
and steering information to select waypoints. The 



systems* .consists primarily of the riavigator unit, 
remote display unit, GVR/LORAN selector switch, 
and the flight director. 

I 

Loran-C Navigator -Unit (Figure 10- 20 1 ) 

The navigator unit is located in the left side of 
the lower radio console. The unit is a self-contained 
receiver and navigation computer. The Loran-C pro- 
cesses Loran signals, computes, and displays all navi- 
gational data selectable. Steering signals are sent to 
the flight director indicators to provide steering con- 
trol to the selected waypoint 

Remote Display Unit 

The remote unit is a digital display located on the 
upper left of the pilot's instrument panel. The unit 
provides a heads-up display of long track informa- 
tion, which is from present position to waypoint 
selected The information is displayed in nautical 
miles, 

GVR/LORAN Selector Switch 

The GVR/LORAN selector switch i|lo^^ed on 
the pilots' instrument panel below the remote dis- 
play unit. The switch provides Loran'information to 
the flight director. The flight director will display 
the information, provided G has been selected. The 
position of the switch is indicated by illumination of 
the appropriate section of the switch - GVR or 
LORAN. * 

Page 10-25: Replace Figure 10-20 with attached fig- 
ure. 
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Figure 10-20. - Radio Consoles. 
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This pamphlet contains original material developed at the 
Coast Guard Institute and also excerpts from: 



HH-3F Flight Manual . TO. 1H-3(H)F-1 

HH-3F Maintenance Manuals , . T.0. lH-3(H)F-2 



IMPORTANT NOTE: In July, 1980, the information 
contained in this pamphlet was current according to the latest updates 
of those Directives/ Publications listed. This pamphlet was compiled for 
training QNLY. It should NOT be used in lieu of official Directives or 
publications. It is always YOUll responsibility to keep abreast of 'the 

latest professional information available for vour rate. 

— i — — ^^^^^^^^^^^^^^^^^^^^^^^^^^ 



The personnel responsible for the latest review and 
update of the material in this component during July 1980 are: 



ATCS B. L. Ely (Subject Matter Specialist) 

B. J. Quick ■ r. (Education Specialist) 

YNl K. M: Baker * (Typographer/Typist). 
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TNTROPrCTTON 



This pamphlet will help you sain a thorough nnderstamUn* ot *>ie 
HH-JF helicopter power train. We ' will cover the main rotor assemMv, 
transmission svstem, flight control svstem, and the TW-JF-< eneine . 

' We will present 'he T5* engine in depth, \f>er smdvlne this ma- 
terial, vou should be familiar enough with the engine to perform- eneine 
wash and rustlick operations. 



Finally, the pamphlet includes instructions for grcuitf handling 
and servicing. Bv following these instructions, vou-can safelv and pro- 
perlv handle and service your aircraft at home or on extended fliers. 
• * 

SOTK ( OUPI.KTK PWIPIIl.ETKW PRIOR TO BKCINNINCSTI'DY OFTUIS M.VTKRI VI. 



NOTICE TO STUDENT 



Tins pamphlet 1 miUuis lesson (|iu//es ( orrec t answers and text referent es are pnnted in the nuht hait< 
iMlninn of eath fjiu/ paue ( over the answers in the ni;ht hand milium Wter ion answer the i|iiestn>ns 
remove the <<>ver to check \onr answer with the printed answer Tr\ to answer the ijuesUims in eat 1 
.jiii/ be tore l«x)khiu hack at the text 
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MAIN ROTOR ASSEMBLY 



1 . 



OBJECTIVES 

When you complete this section, you will be able to": 
Describe the main rotor blades and pressure indicators.. 



2. Describe, the main rotor h«ad . 

J. Identify the components of the main xc* or head and explain 
their -funct ion. 

4. ^ummarixe t!<£ operation of the r&tor brake system. 



The »w ion of the main roror assembly 
and Mie movement of the 'helicopter arc rhe 
re>ul r of an application of machines to 
rhe rhcorv of flight. The blade assemblies 
and .rotor head convert the helicopter's 
engine power into lift and directional con- 
trol. The airfoils arc rotated through the 
air to produce a relative wind, and the 
roror head permits chan^in/; the an^lc of 
attack, whicji can alter both the magnitude 
and direction of the helicopter * s* movement . 
You already know rhe principles involved 
in r hc rheorv of flight, so this pamphlet 
will relate r o rhe mechanics of helicopter 
fluhr/ We will discuss the function and 
srntrure "of r hc main ^for blades, rhe 
-am rotor jiead assembly, and the main royr 
v v>nr rol s . 



MAIN ROTOR BLAPES (.See figure I.> 



Five bUdcs, installed on the_ main 
roror head, provide the lif r necessary for 
Mitlhr. Each blade consists basically 0" 
a hollow extruded aluminum spar, 21 alumi- 
num pockcrs, an aluminum root cap,- a steel 
cuff, a pressure indicator, an air valve, 
an abrasion strip, and a rip fairing. The 
cuff provides the means foi 4 attaching the 
'blades r 0 rhe rotary win$ head sleevc-spin- 
iles, while rhe abrasion' strip protects, 
rhe leudin^ cde;e of the blade a^awist ero- 
sion. Vent holes on the underside of each 
pocket prevent accumulation of moisture m- 
side rhe blade. Each blade is ^balanced 
srarically and dynamically wirhin tolerances 
rhat permit individual replacement of thV 
blades. In addition, a prerrack number is 
srencilcd on each blade ra eliminate rhe 
necessirv for blade tra^kin/?. Balancing and 
assignment of, a j> ret rack number are done ar 



manufacture or overhaul. The main rotor 
blade spars arc scaled units, pressurised 
with nitrogen. If an u^rescen combination 
of events should occur impairing the struc- 
tural integrity | of the spar, or if a seal 
should leak, the nitrogen will leak from the 
If the pressure in the spar drops 
the minimum permissible service pres- 
thc pressure indicator will show red. 
anri-icin^ tape, if installed on the 
leading cd$e, aids in preventing ice 
formation during adverse weather conditions. 



spar, 
below 
sure j 
Also, 
blade 



miS (IN FLIGHT BLADE IN SF ECTI 0>T*rYST EM ) 
I^TOIOATORS (See fiijure 

Helicopters modified by the TCTO tH- 
>(H)F-5*0 arc equipped with on In-Flight 
Blade Inspection system ( IBIS) ^ that visibly 
indicates in the cockpit that the pressure 
in one or ntorc main rotor blade spars has 
dropped below the allowable limit. 

The IBIS Indicator, located on '.the 
back wall , o A * the spar of each main blade, 
contains a small radioactive source (100 
micro curies strontium 00) whic-h is com- 
pletely shielded and emits no radiation 
Hhcn the rotor blade is. at normal^ pressure. 
When the pressure in the rotor bladc~ 3par 
drops below b.l (+0.4) psi, the indicator 
will' activate, causing the radioactive 
source to move to aiv unshielded position^ 
thereby emitting beta radiation. The detec- 
tor assembly, located aft of the main rotor 
shaft under the transmission cooling, de- 
tects the beta radiAtion and sends a 'signal 
to the blade processor. The sijpial proces- 
sor causes the BLADE PRESS light on the 
caution panel to illuminate, indicating <* 
loss of pressure in one or njpre of the* blade 
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Figure 1. - Main rotor blade-. > 




Figure 2. - IBIS Indicator. 

spars. Loss of pressure in the blade spar is 
also indicated by the IBIS indicator located 
in the back wall of the spar of each main 
blade. The indicator, compensated for temp- 
erature changes, compares a reference pres- 
sure built into the indicator with the pres- 
sure in the blade spar. When the pressure in 
the blade spar is within the required 
service limits, two yellow stripes show in 
the indicator. If the pressure in the blade 
spar drops below the mirriSSum permissible 
service pressure, the indicator will be 
activated and will show . two red stripes. 
Loss of* 115 volt ac power, failure of the 
detector, arid/or failure of the signal 
^processor will cause the BLADE PRESS caution 
light to illuminate. The system receives 
electrical power from the-No. 1 ac primary 
bus and is protected by a circuit breaker on 
the copilot's overhead circuit breaker panel 
marked IBIS, under tfie general heading DC 
PRI. 



u 



WARNING 



When red is visible in the indicator, the 
cause of the red indication shall be de- 
termined before accepting the helicopter 
for flight. ' 



MAIN ROTOR HEAD (See figure 3.) 

The main rotor hea^is splined to and 
supported by the main rotor shaft of the 
main * gear box. The rotor head and the five 
main rotor blades attached to it are ro- 
tated by torque from the main gear box 
through * the main rotor shaft . Principal 
components of the main rotor head are the 
hub and swashplate (items 6 and 7.) The 
hub consists of a hub |)late, lower plate, 
hinges, sleeve-spindle* ( 10 and ll), dampers 
(8), anti-flapping restrainers, droop res- 
trainers, and pitch control rods (9). The 
hinges, attached between each arm of the 
hub plate and lower plate, serve as mounts 
for the sleeve-spindles to which the main 
rotor blades are attached. The hinges per- 
mit vertical and horizontal movement of 
the 'blades so they oan lead, lag, and flap, 
but the dampers restrict the lead and lag 
motions. The anti-flapping and droop res- 
trainers prevent flapping motion when the 
rotor is slowing or stopped. The swashplate 
consists of a rotating swashplate and a sta- 
tionary swashplate. The stationary swash- 
plate (6) is connected to the main gear 
box by the stationary scissors (5) and pri- 
mary servo-cylinders. The rotating swash- 
plate (7) rotates within the stationary 
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1 Fluid Tank 4 Oil Tank 7 Rotating SwaS^late 

2 Union * 5 Stationary Scissors 8 Damper ^ 

3 0 Spacer 6 Stationary Sw as hp late 9 Adjustable Pitch Control Rod 

Figure 3 . - Main rotor head . 



10 Spindle 
U Sleeve 

12 Slittlar Vibration Absorber 



swashplate and is connected to the hub by 
the rotating scissors and pitch control 
rods. Flight control movement is transmitted 
to the primary servos through the stationary 
and rotating swashplates. Movement of the 
rotating swashplate is transmitted to the 
main rotor blades through the pitch control 
rods connected to the sleeve spindles. 



NOTE 



The main rotor head is pretrack rigged 
at manufacture, overhaul, before in- 
stallation, or on the helicopter. Once 
the main rotor head is pretrack rigged, 



Ye-rigging is* not required unless the 
main rotor head, swashplate, horn eye- 
bolt or an adjustable pitch control 
rod is changed. 



DAMPERS (See figure 4.) 



A damper is mounted between the hub 
plate" and the lower plate and secured to 
the horizontal hinge pin. The damper con- 
trols the horizontal movement of each main 
rotor blade. Wh err the main rotor is started 
or stopped, the damper absorbs the shock 
of the blades. Hunting of the blades, when 
the load on the blades is suddenly increased 
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Figure 4. - Damper - cross - sectional view. 



or decreased, is also controlled by the 
dampers. When a blade moves" horizontally 
on its vertical hinge, the length of the 
damper must change, and as the piston moves 
back and forth in .the cylinder, the hydrau- 
lic fluid is metered from one side to the 
other. The rate-of-flow determines the 
amount of restriction imposed on the blade. 
The primary restrictive function of the 
damper is on the ground in starting and 
stopping. In flight, where sudden movements 
of the blade occur with great force, relief 
valves in the piston open in opposite direc- 
tions to permit almost unrestricted movement 
of the piston. Travel of the piston is limi- 
ted by stops at each end of the piston rod. 
The rubber shock absorber acts as a cushion- 
ed stop and sets the extreme lag position 
of the blade. A differential check valve 
assembly, mounted on the damper, permits 
hydraulic fluid to enter either side of 
the damper as required, to automatically 
bleed the dampers during operation. 



A tank (figure 3, item l) on the top 
of the hub plate serves as a reservoir for 
the dampers. Markings on the transparent 
plastic top indicate the required fluid 
level. A strainer in the tank prevents con- 
tamination when hydraulic fluid is added 
to 'the system. 



DROOP RESTRAINERS (See figure 5.) 



A droop restrainer on the vertical 
hinge of* each blade limits droop of the 
blades when the main rotor head is slowing 
or stopped. When the main rotor' head is* 
rotating, centrifugal force throws the cam 
arms out and permits increased vertical 
movement of the blades. 



ANTI-FLAPPING RESTRAINERS (See figure 5.) 



An anti-flapping restrainer is instal- 
led' between each of the five main rotor 
vertical hinges and sleeve-spindles . Anti- 
flapping restrainers are spring-loaded locks 
which -prevent main rotor blades from flap- 
ping on their horizontal hinges when the 
main rotor head is slowing or stopped. When 
the main rotor is rotating, centrifugal 
force holds the anti-flapping restrainers 
outward from the locked position, thus per- 
mitting free flapping and coning of the 
main rotor blades. 



STATIONARY SCISSORS (See figures 6 and 7.) 



\ 



i 




Figure 5. - Droop and anti-flapping 
restrainers - installed. 



freely up and down or tilt on the main rotor 
shaft. 

SWASHPLATE (See figures 10 and 11.) 



The swashplate transmits the movement 
of the flight controls to the main rotor 

v blades through the sleeve-spindles. A ball- 
ring (spherical bearing) and sockets allow 
the swashplate to be tilted off its hori- 
zontal plane and moved on its vertical axis. 

' The swashplate consists of a rotating swash- 
plate connected to the main rotor hub by 
the rotating scissors and pitch control 
rods, and a stationary swashplate connected 
to the main, gear box by the stationary 
scissors and the servo-cylinders. Each 
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Figure 6. - Stationary scissors - cross-sectional view. 



The stationary scissors are installed 
between the main gear box (6, figure 7) 
and the stationary swashplate (2). The sta- 
tionary scissors prevent the stationary 
swasnplate from rotating with the main rotor 
head while permitting it to move freely up 
and down or tilt on the main rotor shaft. 

ROTATING SCISSORS (See figures 8 and 9.) 



The rotating scissors are attached to a 
bracket (l, figure 8) on the bottom of the 
main rotor hub lower plate and to a bracket 
(4) on the rotating swashplate. The rotating 
scissors are a torque arm that causes the 
rotating swashplate to rotate with the main 
rotor head while permitting it to move 



swashplate is bolted together in a manner 
tha(V permits the rotating swashplate to 
rota^ within the stationary swashplate. 
When the servocylinders , connected to the 
stationary swashplate, are actuated by the 
flight controls, the movements of the sta- 
tionary swashplate are transmitted to the 
rotating swashplate. From the rotating 
swashplate, the control movements are trans- 
mitted by the pitch control rods to the 
horns of the sleeve-spindle to change the 
angles of incidence of the blades. 

PITCH CONTROL RODS 

Figure 12 illustrates a pitch control 
rod (item 3) which extends from the sleeve- 
spindle horn to the rotating swashplate. 
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decals are mounted near the upper locknut 
to permit adjustment of the control' rods 
during tracking operations of the main rotor 
blades. 
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Figure 9. - Rotating scissors 
cross-sectional view 
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1 Rotating Swaahplate 

2 Stationary Swaahplate 

3 Upper Link 



4 Lower Link 

5 Bracket 

6 Main Gear Box 



Figure 7. 



Stationary scissors 
installed 




1 Upper Bracket 

2 Upper Link 

3 Lower Link 

4 Lower Bracket 



5 Rotating Swaahplate 

6 Adjustable Pitch 
Control Rod 



Figure 8. - Rotating scissors - installed. 

All flight control movements of the swash- 
plate are transmitted by the control rods 
to the main rotor blades. Micrometer-type 



SLEEVE AND SPINDLE 



The sleeve and spindle (figure 13, 
item 2) of the main rotor hub assembly 
transmits pitch to the main rotor blades 
through the control rods. A main rotor blade 
attaches directly to each sleeve and spindle 
assembly. 



OIL I'ANKS 



Five o|l tanks (figure 3, item 4), 
mounted on /the hinges, serve as reservoirs 
for lubricating oil. Each tank is connected 
to the sleeve-spindle by a hose. Each tank 
lubricates/ its respective upper and lower 
hinge bearing, horizontal hinge bearings, 
and stacli bearing in the sleeve-spindle . 

BIFILAR VIBRATION ABSORBER (Figure 14.) 

The bifilar vibration absorber consists 
of a five-armed, star-shaped aluminum forg- 
ing. A seventeen-pound steel weight (19) 
is attached through two pendulum pivot 
points at the end of each arm, and v weights 
are secured to the pivot points by bolts 
clamping two bushings (20) against two ta- 
pered washers (ll and 17). The washers center 
the weights against the contact surfaces 
and supply vertical support under static 
conditions. The bifilar arms have an I-beam 
cross section to provide structural effici- 
ency. The bifilar is secured to the main 
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figure 10, - Swashplate - cross-sectional view. 





1 Adjiutablt Pitch 
Control Rod 



Main Rotor 
Shuft ' 



3 Rotating 
Swashplatf, 



4 Stationary 
Swaahplate 



5 Stationary 
Sclaaon 



Figure 11. - Swashplate - installed. 



at five attachment points on the 
hub arirT The attachment points consist 
of two existing holes in each arm normally 
used for hoisting the helicopter and secur- 
ing the blade pretrack fixture. The attach- 
ment uses five thru bolts (one per hub arm) 
with associated shims to provide attachment. 
Each weight is enclosed by an aerodynami- 
cally shaped fairing (8 and 9) to reduce^ 
rotor drag and provide a controlled environ-'* 
ment for the contacting surfaces of the 
weight pivot^ points. 

ROTOR BRAKE SYSTEM , 

The rotor brake system (shown in figure 
15) consists of a master cylinder (6), 



rotor brake (l), pressure switch (3), pres- 
sure gage« (5). pressure relief valve (7), 
accumulator (4), and reservoir (2). Pres- 
sure is developed by actuating the master 
cylinder handle, which extends the rotor 
brake puck-faced piston, stopping main rotor 
head dotation. A 'minimum hydraulic pressure 
of 350 psi, as indicated on the pressure 
gage, is required for effective brake opera- 
tion. The pressure switch actuates at ,10 
+ 1 psi, permitting electrical power to 
illuminate the ROTOR BRAKE light capsule 
on the caution/advisory panel. If pressure 
exceeds 600 + 20 psi, the relief valve 
cracks, venting pressure to the gravity 
supply line. The accumulator maintains a 
constant pressure in the system once the 
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1 Horn 

2 Bolt, Washtrs, Nut, 
Cotttr Pin 

3 Pitch Control Rod 



4 Bolt, Washtrt, Nut, 

Cotttr Pin 
'5 Rotating Swashplatt 
0 Cltvls 



7 Washers 

8 Shim 

9 Lockout 
10 Lockout 



11 CltvU 

12 Shim 

13 Link 

14 Key 



Figure 12. - Pitch control rod. 



rotor brake is applied, compensates for 
variation in pressure due to temperature 
change, and dampens out system pressure 
surges. Hydraulic fluid for system operation 
is gravity fed to the master cylinder from 
the reservoir. 



ROTOR BRAKE MASTER CYLINDER 



The cylinder (figure 15, item 6), on 
the right side of the overhead control pa- 
nel, actuates the rotor brake. The cylinder 
is gravity fed with hydraulic fluid from 
the rotor brake reservoir. The brake handle 
is manually actuated down and forward to 
apply hydraulic pressure to the rotor brake 
system. A spring latch on the cylinder link- 
age locks the handle in the on or parked 
position. To release the brake, the latch 
must be pulled and the handle returned to 
the detent or off position. The latch can 
be locked out of position by pulling the 
latch and rotating it 90 degrees. A pressure 
gage adjacent to the master cylinder in- 
dicates the amount of pressure produced 
by the master brake cylinder. A check valve 
is provided to pressure bleed the system. 
A minimum of 350 psi pressure is required 
for effective rotor brake operation. 



ADVISORY LIGHT SYSTEM (Figure 15) 



The system consists of a pressure 
switch, ROTOR BRAKE light capsule on the 
caution/advisory panel, and a ROTOR BRAKE 
circuit breaker on the overhead control 
panel. When system pressure reaches 10 + 
1 psi, the pressure switch contacts close 
allowing electrical power to flow to the 
caution/advisory panel to illuminate the 
ROTOR BRAKE light capsule. 



PRESSURE SWITCH 



The pressure switch (figure 15, item 
3) is on the side of the forward transmis- 
sion support. The switch actuates wl\#h hy- 
draulic line pressure in the rotor brake 
system reaches 10+1 psi. Access to the 
switch is gained by hinging down the trans- 
mission service platfortn. 



PRESSURE RELIEF VALVE 
r 

The pressure relief valve (figure 15, 
item 7) is on the left side of the forward 
transmission* support beam. The valve is 
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1 Hose 

2 Sleeve and Spindle 

3 Plugs 

4 Screws, Washers 

5 Grounding Cable 



6 Anti-flapping Spring 

7 Locknut 

8 Lockwasher 

9 Thrust Washers 
10 Damper Trunnion 



11 Horizontal Pin 

12 'Key 

13 Adapter 

14 Pitch Control Rod 



Figure 13. - Sleeve and spindle*. 



15 Bolt, Washers, 
Nut, Cotter Pin 
10 Lockwasher 

17 Locknut 



designed to relieve system pressure at 600 
+ 20 psi. Fluid vented by opening the relief 
valve is returned to the gravity feed supply 



line. 



ACCUMULATOR (Figure 16) 



ROTOR BRAKE RESERVOIR 



The reservoir (figure 15, item 2), 
aft and to the right of the main gear box, 
supplies hydraulic fluid for the rotor brake 
system. When filled to the FULL mark, the 
reservoir contains approximately 3.2 oun- 
ces of hydraulic fluid. 



The accumulator, on the left side of 
the transmission wall, is a spring-loaded 
hydraulic type. Once the rotor brake is 
applied, the accunulator keeps a constant 
pressure in the rotor brake system. The 
accumulator also compensates for variations 
in line pressure due to changes in tempera- 
ture and pressure surges. 



ROTOR BRAKE (Figure 17) 



The rotor brake is a self-adjusting 
unit consisting of two housing halves, a 
bracket, and a rotor brake disc. The rotor 
brake disc is on the input bevel gear shaft 
flange extending through the main gear box 
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1 Bolt, Washers 

2 Bolt, Washer 

3 Support (Cover) 

4 Retainer 

5 Bolt, Washers, Nut 

6 Bolt, Washer 



7 Bolt 

8 Screw, Washer 

9 Cover (Forward) 

10 Cover (Aft) 

11 Spacer 

12 Washer (Tapered) 



13 Washer 

14 Spacer 

15 Spacer 

16 Washer 

17 Nut 

18 Washer (Tapered) 



19 Support (Cover) 

20 Weight 

21 Bushings 

22 Bumper 

23 Support 

24 Bushings 



Figure 14. - Bifilar vibration absorber - disassembled. 



input cover. The bracket on which the hous- 
ing halves are assembled is mounted so that 
the brake disc rotates between the two hal- 
ves. Each half contains two hydraulically 
actuated, puck-faced pistons. As the opposed 



pistons extend, the pucks contact the ro- 
tating disc from both sides, providing a 
braking action capable of stopping main 
rotor rotation in 14 seconds from 157 rpm. 
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1 Packing 5 Nam© Plate 9 Stop 13 Housing 

2 Back-up Ring 6 Body 10 Washer 14 Spring 

3 Plate 7 Spring il Lock Nut 15 Guide 
4' Shim 8 Shim 12 Piston 

Figure 16. - Rotor brake accumulator. 




1 Doit, Washer, Nut 4 Elbow, Nut, Gasket, 6 Washer, Nut 8 Reducer, Gasket 

2 Rotor Brake Disc Ring „ 7 Tee, Nut, Gasket, 0 Rotor Brake 

3 Shims 5 Tube Ring 



Figure 17. - Rotor brake. 
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REVIEW 



We have discussed the main rotor blades, main* rotor head, and ro- 
tor brake system. Since these are very important parts of the aircraft, 
you must be extra cautious when pref lighting them. 

/ (Now answer the following review questions.) 



If Which component of the rotor /blade 
pifovides the means of attaching the blade 
tb the hub? 



l.-A (Refer to page 1) 



• r 



t A. Cuff 

B . Tip cap 

C. Root pocket 

D. Root pocket cap 

2. Which statements oelow concerning main 
rotor blades arc TRUE? 

4." Each bfcade is individually 

balanced . 
2 . A pret rack number is stcn- 
( ciled on each blade. 

1 3. Vent holes in the pockets 
j s are designed to permit air 
pressure equalization. 

4. Balance and pret rack number 
assignment arc done at over- 
haul. 

5. Blade tracking is not neces- 
sary after you replace an 
individual blade. 



& 



2.-C (Refer to pagp 1) 



A. 1 and ) only 

B. 2, 3, and 5 only 

C\ 1,2,4, and 5 .only 

0. 1, 2, 3, 4, and 5 



3. Which color 
cator indicates a 



on a blade pressure indi- 
NORMAL condition? 



A. 
B. 
C. 
D. 



orey 
Green 
Yellow 
White 



4. The movements of the flight controls 
are transmitted 'o the rotor blades through 
the M • 

A. swashplate and pitch control rods 

B. anti-flap restrainers and pitch 
control rods * 

C. pitch control rods and stationary 

SCISSORS A 

D. swashplate and rotating scissors 



3.-C A red indication could indicate an 
unsafe blade condition. (Refer to. 
pages 1 and 2) 



4. -A (Refer to page 3) 
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5. The f extreme LAG "position of the main 

rotor blade is determined by, the in , 

the damper assembly. 

A. rubber shock-absorber 

8. differential check valve * 1 

C. * packing gland 

D. res trie tor 

6% tot i-f lapping resti^iners are designed 
to be effective when the rotor is . . * 

A. rotating at any operating rpm 

B. ? rotating above 100 rpm 

C. rotating between 50 and 100 rpm 

D. slowing or stopped 

7. The .rotating scissors form a link be-^y 
twe en which of the following? \ 

1.7 Main roto'r hub 

2. Sta^iqnary swashplate. 

3. Main transmission 
.4. ' Rotating swashplate 



A. 
B. 

CV 
D. 



1 andv2 

2 and 3 

3 and 4 
1 and 4 



5. -A * (Refer to page 4) 



6. -A 



T^efer to 



page 4) \ 



7.-D 9 (Refer to page 5) 



8. Which of '.the following permit('s) the j 
swashplate to be tilted off its horizontal 
-plane? 

.1* Ball bearing • 

2. Socket^ 

3 . 6a 11 -ring 1 

4. Pitch control rods 



8.-C (Refer to page 5) ; 



A. 
B. 

ci 



1 only 
3 only, 

2 and 3 only 
1, 2, and 4 



9. Whieh component connect s* thq sleeve- 
spindle horn to the rotating swashplate? 

■ i 

* A. Rotating scissors 
, B* Pitch control rod 

C. Stationary scissors ^ 

D. * Link assembly * 

* • * ■ 

10. Which* statement is NOT true concerning 
the bifilar vibration absorber? 

A. It is a five-armed aluminum for- 
ging 

B. It uses a 17-pound steel weight 

C. The bifilar arms have an H-beam 
cross section 

D. 9 Each weight is "enclosed in a spe- 

cial fairing 



9.-B (Refer to page 5) 



10. -C, (Refer to page 6) 
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as- 
sure Is 320 psi. (Refer to page 7) 



11. For effective rotor brake operation,* 11. rC For starting, the minimum pres- 

you .must, develop a MINIMUM psi' 

wiUh'the rotor brake handle, 

/ 

A. 10 ■ 

— C. 350 . / 

D. 600 



12\ Which component compensates for varia- 
tions in rotor brake system line pressure 
caused by changes in temperature? 

• A. Pressure switch 

Relief valve * . % 
Compensator unit 
* D. Accumulator 



12. -D The air pressure in the accumu- 
lator compensates for the pres- 
sure variations. (Refer to- page 9) 
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TRANSMISSION SYSTEM 





OBJECTIVES 






When you complete this section, you will 


be able to: m 


1. 


Describe the main gear box. 




2. 


Summarize the ^operation of the main gear box lubrication sys- 
tem. 


3. 


Explain the main gear box indicating 


and warning systems . 


4. 


Describe the tail drive shaft assembly. 




5 • 


Explain the intermediate gear box. 




.6. 


Summarize the operation of the tail gear 


box. 


7. 


Despribe the tail rotor head and blades. 





. The transmission system consists of 
the main gear box, tail drive shaft, inter- 
mediate gear box, tail gear box, and tail 
rotor assembly. The* main gear box (figure 
18) drives the main rotor head, tail drive 
shaft, and accessory components. The acces- 
sory components, including the main gear 
box oil pumps, generators, and hydraulic 
pumps*, are driven whenever the auxiliary* 
power unit or rotor head is operating. The 
tail drive* shaft (6) transmits torque to 
the intermediate gear box (5), where the 
drive angle is changed, and on to the tail 
gear box (3), where the drive angle is again 
changed and rpm reduced to drive the tail 
, rotor. The tail drive shaft also drives 
the oil cooler and blower. Oil from the 
main gear box is fed to the oil coolerj and 
blower, cooled, and returned to the gear 
box for lubrication and cooling purposes. 
The main gear box also includes freewheel 
units that balance^ input from the engines 
and permit freewheeling of the main rotor 
head during autorotation. 



MAIN GEAR BOX (Figure 18). 



The main gear box, on the transmis- 
sion deck aft of the engines, drives the 
accessories, supports and drives the main 
rotor, and provides' a power takeoff to drive 
the tail rotor. Freewheeling units in the 
input section permit dirangagement of the 
main rotor and tail drive shafts when the 
relative main rotor rpra exceeds relative 



engine rpm during autorotation, at enjgine 
shutdown, and during single-engine opera- 
tion. A thru-shaft, geared to the No. 1 
engine, provides a redundancy for driving 
the accessories. The auxiliary power unit 
(APU) may be used for operating the main 
gear box accessories when engines are not 
operating. 

MAIN GEAR BOX LUBRICATION SYSTEM 
(Figure 19) • j 



The main gear box is lubricated by 
a self-priming wet sump system. An oil level 
sight gage is on the lower left side of 
the main gear box housing. The oil filler 
tube is above the oil level sight gage. 
Three oil pumps are mounted on the rear 
cover of r t£ie main gear box. The No. 1 (pri- 
mary) oil pump and the tdrque indicator 
oil pump are mounted on the lower^left, 
and the No. 2 (secondary) oil pump is mount- 
ed on , the upper* r-ight side. The No. 1 and 
No. 2 oil pumps circulate oil for main gear 
box lubrication and cooling. The torque 
indicator oil pump, using the same oil, 
supplies the oil to the engine torque in- 
dicating system. The No. 2 oil pump serves 
as a backup for the No. 1 pump in event 
of failure. Output lines from both pumps 
are connected at a tee through which oil 
is routed to the oil cooler and lubrication 
jets.^ Each pujip is equipped with a filter. 
The torque indicator oil pump is adjust- 
able for pressure. The magnetic chip detec-^ 
tor, in the lower housing, is part of the 
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Figure 18. - Transmission system - component location diagram. 

chip detector warning system. It may be AUGMENTED MAI^f GEAR BOX OIL SYSTEM 

removed for inspection without draining the (Figure 19) 

oil. A transmitter sends oil pressure read- The augmented main gear box oil system 
ing-s to the XMSN OIL PRESS indicator on the will permit the helicopter to continue op- 
instrument panel. A temperature bulb, in the erating ^for approximately 45 minutes in 
lower housing sump, transmits oil tempera- -the event of a failure in the main lubrica- 
ture readings to the oil temperature indica*- tion system. In this event the auxilary 
tor. When oil pressure falls below safe s ump which is located at the base of the 
limits, the XMSN OIL PRESS light capsule on main gear box, provides an oil supply of 
the caution/advisory panel will illuminate. approximately 1.5 gallons^to lubricate the 
When oil temperature rises above 121° C. input sleeve bearings in the high speed 
(250° F. ), the XMSN OIL HOT light capsule on . - section of the main gear box. The torque-^ 
the caution/advisory panel will illuminate. meter pump' utilizes' oil from the auxiliary" 
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Figure 19- - Main transmission with auxiliary sump. 



sump to lubricate these bearings and to 
supply oil to the torque sensing system. 
An additional* chip detector is installed 
in the" auxiliary 'sump and illuminates the 
XMSN CHIP MAIN caution light. 



taching parts. It is attached to the main 
gear box lower cap and prevents large metal 
particles from entering and causing damage 
to the No. 2 oil pump.' The strainer may 
be inspected without draining the main gear 
box. 



Oil Pump Screen 



MAIN GEAR' BOX INDICATING AND WARNING SYSTEMS 



A self-sealing pump screen in the lower 
aft. .section of the main gear box lower hous- 
ing, between the sump and 'lubricating pump, 
prevents large metal particles from entering 
and causing damage to the pump. The screen 
may be inspected without draining main gear 
box oil. A temperature bulb is in the center 
of the screen. \ 

Oil Pump Strainer 

The oil pump strainer consists of a 
strainer, sleeve, retainer, elbow, and at p - 



Main gear box Indicating and warning 
systems consist of the following: torque 
indicating system, main gear box oil pres- 
sure indicating system, main gear box oil 
low pressure warning system, main £ear box 
oil temperature indicating system, and main 
gear box oil hot temperature warning system. 
Each system opera-tes independently. 

Torque Indicating System 

The system indicates engine torqvfe by 
measuring the loads on the gears in theimain 
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gear box. The system consists of a pump, 
torque sensing mechanism associated with the 
second-stage helical gear of the main gear 
box, two pressure transmitters, and dual 
pointer torque indicators. The pump, in 
the accessory cover of the main ge A ar box, 
delivers gear box lubricating oil at 150 
psi pressure through external lines to the 
'torque sensing mechanism. The oil is then 
discharged back into the gear box. Each 
torque sensing mechanism incorpprates a tor- * 
quemeter valve; sensing chamber, between Jthe 
torquemeter housing and the piston of the 
torque sensing mechanism; and an orifice in 
tfce piston. The second-stage helical gears 
produce a thrust proportional to engine 
torque. Each pressure transmitter is, con- 
nected to ar sensing chamber and to both, 
torque indicators. Operation of the torque r 
indicating system is dependent on the rela- 
tionship between the pressure within the 
sensing chamber and the forces exerted on 
the ^second-stage helical gear. With engine 
power applied and the rotor brake released, 
main rotor head resistance to rotation (an- 
ti-torque) bears on the second-stage helical 
gear, which results in forward dis- 
placement of the shaft. Oil from the pump 
enters the sensing chamber through the bal- 
ancing valve and exhausts through the ori- 
fice. Sensing chamber pressure is determined 
by the force on the second-stage helical 
gear wjiich displaces the shaft and the bal- 
ancing Valve, changing the differential in 
flow between the balancing valve and the 
orifice. As main rotor blade pitch is in- 
creased, , the increased helical gear thrust 
opens the balancing valve further, and sens- 
ing ♦ chamber pressure increases. As pitch is 
decreased, the balancing valve closes and 
fluid exhausts through the orifice. Thus, 
sensing chamber pressures are directly pro- 
portional to engine torque . Sensing chamber 
pressure is measured by the transmitter and 
displayed on the torque indicators as ^per- 
cent of available torque, A hydraulic pres- 
sure' gage tester may be used for checking 
the indicating system for accuracy. The 
torque indicators on the instrument panel 
have dial ranges from 0 to 150 percent tor- 
que. The No. 1 pointer represents engine 
torque for the No. 1 (left) engine. 

i 

Main Gear Box Oil Low Pressure 
Warning System 



The system consists of a pressure 
switch on the lower right side of the input 
cover and XMSN OIL PRESS light capsule on 



the caution/advisory panel. When oil pres- 
sure in the main gear box drops to approxi- 
mately 4 psi, the pressure switch closes, 
causing the light capsule to illuminate. 



Main Gear Box Oil Temperature 
Indicating System 



The system consists of an indi$#<or 
and a temperatures bulb. Mounted at the lower 
center of the instrument panel, the XMSN 
indicator registers main gear box 
temperature in degrees Centi- 
indicator dial has a range of 
!0* C. and is divided into gradu- 
al 



OIL TEM 
outlet 
grade • 
-50° to 
ations of 




Main Gear Box Oil Temperature Hot 
Warning Sjrstem 



The system ' consists of a temperature 
control unit, relay, and XMSN OIL HOT light 
capsule on the caution/advisory panel. The 
control unit is at the left rear of ^the 
main gear box in the oil pressure line be- 
tween the oil cooler blower and main gear 
box. The relay is on the relay panel se- 
cured to the cockpit bulkhead. When oil 
temperature exceeds 121° C. (25° F.), actua-' 
tion .of the control unit occurs, closing the 
relay contacts and illuminating the XMSN 
OIL HOT light capsule. This provides the 
pilot w^th a visual indication that a mal- 
function is occurring. When the temperature 
drops below 120° C. (250° F.), the light 
capsule will go out. 



MAIN GEAR BOX OIL COOLER AND BLOWER 
(Figures 20 and 21 ) 



The oij^cooler and blower in the aft 
main rotor fairing consists of a cooler, 
radiator, duct, and blawer. The cooler is 
belt driven by the tail drive shaft and 
forces air through the radiator (12, figure 
20). Hot oil from the main gear box simp 
•is forced into the radiator. If the tempera- 
ture of the oil is less than 70° C. (158° 
F.) it is bypassed to the return line by 
a thermostatic regulator. Oil returning from 
the radiator or the bypass is forced through 
the lubrication * jets in the gear box. 
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MJLflPLE-DISC COUPLING 
(Figure 22) 



On helicopters modified by T.C.T.O. 
1H-3-563 and on CG 1476 and subsequent, 



a dynamically balanced coupling joins the 
main gear SfeK tail takeoff flange to the 
tail drive shaft. This coupling consists 
of three flexible steel disc assemblies, 
a spherical bearing^ four flanges, and at- 
taching bolts, washers, isolators, and nuts. 
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1 Input Flange 4 Intermediate Flange 7 Washer, Isolainr 10 Nut 

2 Waiher, Self-locking Nut 5 Spacer 8 Seir-locklng Nut 11 Pin 

3 Spherical Bearing 6 Bolt 9 Output Flange 12 Cotter Pin 



Figure 22. - Multiple disc coupling. 
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TAIL DRIVE SHAFT cover of the main gear box to the interme- 

(Fiffure 23) diate gear box, and from the intermediate 

v * . <r e ar box to the tail gear box. The primary 

purpose of the tail drive shaft is to trans- 
The tail drive shaft extends from the mit engine torque to the tail rotor. The 
tail takeoff -coupling flange at the rear . tail drive shaft also transmits power 
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through a drive pulley to operate the main 
gear box oil cooler and blower fan. The , 
tail rotor drive shaft is made up of nine 
separate dynamically balanced shafts. The 
shafts are joined by flexible steel discs 
and a dynamically balanced flexible dia- 
phragm coupling or a multiple-disc coupling 
that is joined to the front end of the sec- 
tion I ta.il drive shaft. 

The shaft is suspended at five points 
in viscous damped bearings and is addition- 
ally supported at section II in a double 
ball-bearing housing. The bearing housings 
are mounted on support plates bolted to 
fuselage support brackets. Section I of 
the tail drive shaft consists of a shaft 
flanged at both ends with a special disc 
attached to the flange that connects to 
section II. Section II consists of a shaft, 
flanged at the forward end. The oil cooler 
drive pulley is mounted on the shaft, and 
the shaft rotates on two ball bearings 
mounted in an aluminum housing. Included 
also in section II is a separate coupling 
flange which is splined to the aft end se--» 
cured by a washer, lock washer, and nut. 
Section III consists of a shaft flanged 
at both ends with a special disc attached 
to each flange with bolts* washers, and 
nuts. Sections IV, V, VI, Vll, and VIII 
are flanged at 1 both ends. A special disc 
is secured to the aft flange of 'each section, 
with bolts, washers, and nuts, and a vis- 
cous mounted bearing is positioned adjacent 
to the forward flaaje of each shaft. Sec- 
tion IX extends from the intermediate gear 
box to the tail gear box. A special disc 
is attached to the flange at each end with 
bolts, washers, and nuts. Bolts, washers, 
nuts, and shims are used for joining. 

INTERMEDIATE GEAR BOX , 
(Figure 24) 

I 

The intermediate gear box, on brackets 
at the base of the pylon, consists of an 
imput housing and gear, center housing, 
and output housing and gear. Torque from 
tail drive shaft section Vtll is transmitted 
to section IX through a bevel gear in the 
input housing and a bevel gear in the out- 
put housing, changing directional drive ap- 
proximately 65 decrees. The center housing 
incorporates an oil level sight gage on the 
left side, filler plugs at the top and at 
the left rear, and a magnetic chip detector 
drain plu^ at the bottom. The magnetic chip 
detector plug is part of the chip detector 



warning, system which provides an indication 
on the caution/advisory panel should metal 
particles accumulate. The intermediate gear 
box is splash lubricated and air cooled. 

TAIL GEAR* BOX 
(Figures 25 and 26) 

The tail gear box, mounted at the top 
of the pylon, serves as the point of attach- 
ment for the tail rotor head, changes the 
direction of drive 90 degrees, and reduces 
tail rotor rpm. A control rod, controlled 
by the tail rotor flight controls, oper- 
ates the pitch change beam. The pitch change 
beam is connected to the sleeve of each 
tail rotor blade through pitch- change links 
to change the pitch of blades. The gear 
box is splash-lubricated. A magnetic chip 
detector is installed in the bottom of the 
input housing and 'is part of the chip detec- 
tor warning system which provides an indi- 
cation ori the caution/advisory panel should 
metal particles, accumulate on the plug* 
Access to the tail gear box is gained by 
removing the tail gear box access fairing 
at the top of the pylon. 



CHIP DETECTOR SYSTEM 



The system consists of three magnetic 
chip detector plugs, three relays, and MAIN, 
INTMED, and TAIL XMSN CHIP light capsules 
on the caution/advisory panel. Metal chips 
accumulating on the chip detector plugs 
in the gear boxes close the circuit to the 
appropriate relay and cause the light cap- 
sule to illuminate. The light capsules pro- 
vide the pilot and copilot with a visual 
indication when chips are present in the 
gear boxes. When the relays are energized, 
a holding circuit is created which keeps 
the light capsules illuminated until the 
chips are cleaned o'ff the magnetic chip 
detector plugs and the holding circuit is 
de-energized. 



TAIL ROTOR ASSEMBLY 



TAIL ROTOR BLADES 



Five tail rotor blades are installed 
on the tail rotor head. The root end permits 
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Figure 24. 

4 \ 



- Intermediate gear box - cross-sectional view. 



the attachment of the blades to the tail 
rotor head spindles, and the abrasion strip 
protects the leading edge of the blade from 
sand, dust, and adverse weather conditions. 
Skin is wrapped completely around the spar, 
and the trailing edge cap is installed over 
the edges of the skin at the trailing edge 
of the blade. The tip cap is riveted to 
the blade out -board end. Each blade is bal- 
anced statically and dynamically within tol- 
erances that permit individual replacement 
of blades. 



TAIL ROTOR HEAD 
(Figures 26 and 27) 



The self-lubricated tail rotor head, 
at the top left side of the pylon, produces 
anti-torque forces which may be varied by 
the pilot to control flight heading of the 
helicopter. The tail rotor head is driven 
by the tail gear box. Blade pitch is changed 
through the pitch change shaft that moves 
through the output gear shaft of the tail 
gear box. As the shaft moves outward from 
the gear box, pitch of the blades is de- 
creased (leading edge away from pylon). 
As the shaft moves in toward the gear box, 
pitch of the blades is increased. 

The pitch change beam is connected 
by links to the forked brackets of the 
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Figure 25. - Tail gear box - cross-sectional view. 



sleeves. The five flapping spindles perait 

flapping of the blades to a maximum of 10 
degrees in each direction. The hinge pins 
and the spindle bearings are lubricated 
centrifugally by oil from the tail rotor* 
reservoir. The oil passes through drilled 

-'passages in the bolts securing the reser- 
voir^ into the head, and into the hub and 

-lubricates the hinge pins. It then passes 
through tubes secured to the hub, and into- 
the spindles and lubricates the stock bear- 
ings. Balancing weights are bolted to the 
sleeve-spindle flanges to prevent vibrations 
during tail rotor operation. 



NOTE' 

Lip-type seals used in tail rotor com- 
ponents are subject to static seepage. 
After installation they may require 
a 5-hour break-in* period, which can • 
be accrued before the seals seat. 



TAIL ROTOR. RESERVOIR 
(Figures 27 and 28.) 



> i 



The reservoir on the tail rotor head 
serves as a storage tank for lubricating 
oil for the hinge pins and the spindle stack, 
bearings. The reservoir is filled or drained 
through the bleed plug. 
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REVIEW 



This section covering the transmission system has given you the infor- 
mation* needed to complete Tpur syllabus and* prefligfit the aircraft. 

(Now answer the following review questions.) » 



13. Main engine output is balanced by the 13. W D ^ (Refer to page 17} 

in the main gear box. 



A. « main rotor shaft 
planetary gear * 
a C. ring gear ' \- 

D. input freewheel units 



14. To check the main gear box oij. level, 14 '- C (*ef*r *° P a S e 17 > ^ 
you should use a/an . ■ * ■ > * 

A. oil quantity gage in the cockpit . ^ * 

B. « oil quantity gage on the gear • * 

^ box , . J , . ■ • 

4 C* "slight gage on the lower left sisde 

of- the main gear box housing ^ 
D. ' sight gage on the f lower right , . • 

•side of,, the main gear box housing 

15. What is' the . purpose of the No. 15. -C (Refer to page*17) 
2 f (^secondary) ma.in gear box lube pump? ' . " ^ 

A. Double the oil pressure 

B. Double the oil flow volume * * . 

C. "' Starve ' as a "backup if the No. 1" ; 
/ . pump fails : 

* D. Provide *>il pressure for the tor- * 
/ * que indicating system \ 

u > ■ . 16. -CV (Refer to page 17)/ 

16. Which - main gear box pump has . ■» . - , 

provisions for adjusting the outlet pres- ^ 
sure? :t t 

x i ' 

A. No. 1 (primary) . . • ' 

, *B. Mo. 2 (secondary) 

* C. . Torque indicating , 

D . Scavenge 



17. The augmented main gear box oil system 
will permit the helicopter to .continue op- 
erating for approximately minutes 
it there is a failure in the main lubrica- 
tion system. 



A. 15 \ 

<B. 30 ' . V 

C. 45 , • 

D. 60 - 



17. -C (Refer to page 18) 



" 4, » 
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18. The * oil pump -strainer is instal- 

led in the main gear box lubrication system 

to prevent ^ _f rom damaging ttje oil 

pump. 



18. -A (Refer to page 19.) 



•A. large metal particles 

*'BV* small metal particles * * » 

C. micronic particles ^ 

D. water ' 

19. Oil pressure to the cockpit in- 
dicator is taken 'from what point in the 
main. gear box oil system? 



A. 
B. 
C. 
D. 



oil enters the main 



Before the 
gear box 
Before the oil 
sure relief valve 
Before the oil 
cooler 

After the oil passes through the 
torqu&neter sensing unit 



enters the pres- 
enters the oil 



20. Operation of the torque indica- 

ting system is dependent on a relationship 
between what two factors? 



19. -A • (Refer to page 1*9) 



20. -D (Refer 'to page 20) 



A. Sensing chamber pressure, and for- 
ces exerted on the main bevel 
gear of the main gpar 'bqx 

JB. Main gear box oil- pressure and 
forces exerted on the main gear 

/ box input bevel gear 

C. Forces exerted on the main gear 
box second-stage spur" g^ar and 
main system oil pressure r 
- D. ~ Forces exerted on the main gear 
box second-stage helical gear and 
sensing cnamber pressure 

. t 

21. - The XMSN OIL HOT light capsule 
on the caution/advisory panel will illumi- 
nate if the main gear box oil temperature 
rises above . 



\ m \ 100° c. 
B; , 121° C. 

C. 150" C. 

D. 250° C. 



21.-B (Refer to page 20) 



< 22. 
tion 



drive pulley is mounted on sec- 
of the tail drive shaft. 



22. -B (Refer to page 24) 



A. 
^B. 
C. 
D. 



I 

II 

III 

IV 
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23. What is/are the purpose(s) of the 

intermediate gear box? 



23. -A (Refer to pajge 24) 



1. Change the angle of drive 

2. Reduce tail rotor rpm 

3. Reduce tail rotor drive shaft 



4. 



rpm 

Increase tail rotor drive 
shaft rpm 



A. l^ohly 

B. 1 and 2 only 

C. J2 and 3 only 
0V>^1, 2, arid 4 



24, The tail 

by movement of the 



ie pitch is changed 2 4.-B (Refer to page 24) 



A. output ge ir shaft 

B. pitch cha lge beam 

C. counterweight assembly 

D. flapping jpindles 



25, Which . component is installed on 

a tail rotor blade assembly by rivets? 



£5.-B (Refer to page 25) 




26. The tail roto^p blades are allowed 

to flap a MAXIMUM of ( /degrees in 

each direction. 



.26. -C (Refer to page 26) 



A. 5 

B. 7 

C. 10 

D. 13 
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FLIGHT CONTROL SYSTEM 



3. 
4. 

5. 
6. 



OBJECTIVES 

When you complete this section, you will be able to: ^ • 

Summarize the operation of the main rotor flight control sys- 
tem. n 

Describe the tail rotor flight control system. 

Describe the primary, hydraulic system. * 

Explain the purpose of the primary hydraulic system compo- 
nents and state their location. ? . ; , 

Summarize the operation of the auxiliary hydraulic system. 

Explain the" purpose * of the auxiliary hydraulic system com- 
ponents and state their location. 




GENERAL DESCRIPTION 



Figures 29 *nd 30 illustrate the " 
flight control system, which consists of 
two cyclic contrql sticks (figure 29, itente 
11 and 34), two collective control sticks 
,(15 and 28), four directional control pedals 
(19 and 29), an - auxiliary servocylinder, 
a mixing unit, three primary servocylinders, 
and mechanical linkage. Ttje cyclic control 
system controls forward, aft, and lateral 
helicopter movements; the collective control 
system controls vertical helicopter move- 
ment's; and the directional control system 
controls helicopter ' heading . Movement of 
the cyclic or collective control,/ sticks 
is transmitted by mechanical linkage to 
the hydra ulically actuated auxiliary servo- 
cylinder for a power boost, through the 
mixing unit Tor coordination with direc- 
tional control movement, and through the 
hydraulically actuated* primary servocylin- 
ders to the main rojtor head where blade 
pitch is changed. Movement of the direction- 
al control pedals is transmitted through the 
mixing unit to the tail rotor by control 
rods and cables. Flight may also be con- 
trolled .automatically through the auxiliary 
* servocylinder under signals from the auto- 
matic flight control system (AFCS). In addi- 
tion, a fine degree of cyclic control may 
be obtained /through the auxiliary servo- 
cylinder under signals from the stick trim 
system. Hydraulic power -for the system is 
supplied by the primary and^auxiliary hy- 
draulic systems. 



MAIN ROTOR FLIGHT CONTROLS 
(Figure 30) 

The main rotor flight controls consist 
of the cyclic control system and the col- 
lective control system. The cyclic control 
systeln provides the means of controlling 
forward, lateral, and aft movement of the 
helicopter. Cyclic control stick movements, 
through mechanical linkage, the auxiliary 
servocylinder, the primary servocylinders 
and main rotor head swashplate, cause the 
blades to ' change pitch individually,* rela- 
tive to their position on the path of rota- 
tion. This will cause the helicopter to 
move in the direction the cyclic stick is 
moved. The collective control system con- 
trols vertical movement of the helicopter. 
Collective control -stick movements, through 
mechanical linkage, auxiliary servocylinder, 
and primary servocylinders, raise or lower 
the swashplate independently of the cyclic 
position of the swashplate. This causes 
blade pitch angles Tto change simultaneously 
regardless of their relative position in 
the path of rotation. The pedals control 
tail rotor' blade angles, and the mixing 
unit compensates for changes in torque exer- 
ted by changing the pitch of the main rotor 
blades to maintain the same helicopter head- 
ing . 

CYCLIC CONTROL SYSTEM 
(Figures 29 f 30, and 3l) 

The cyclic control system controls for- 
ward, lateral, and aft movement' of the 
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Figure 29. - Cockpit arrangement. 



helicopter. Movement of the pilot's or co- 
pilot's cyclic control stick is transmit- 
ted by a series of control rods and bell- 
cranks through the auxiliary servocylinder, 
mixing unit, and primary servocylinders to 



control movement of the main rotor blades. 
The cyclic control system also incorporates 
a stick trim system which hydraulically 
holds the stick in a selected trim position. 
During flight, trim movements may be 
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Figure 30. - Flight control system, 

controlled manually by a four-way switch on major control changes by pilot effort on the 
the cyclic stick grip, or overridden for stick. 
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FOAC-AND-AFT 
SERVOCYLIN06H 



FORC ANO-AFT 
SCtvQCYLINOCt 




LIFT LATEHaL CYCLIC STICK MOT 



AIGMT LATERAL CYCLIC STICK MOTION 




left 




1 Crip 

2 Screw 

3 Cyclic Control Stick 

4 Socket 

5 Bolt. Washers. Nut 



\ 2S2M (in 



6 Protective Tubing 

7 Wiring 

8 Plug 

9 Crommet 



Figure 32. - Cyclic control stick. 

Cyclic Control Stick 
(Figure 32) 



The cyclic control stick for both the 
pilot and copilot consists basically of 
a curved aluminum tube (3), socket assembly 
(4), molded grip (l), and associated wiring. 
The stick provides an actuating handle that 
changes the cyclic pitch of the main rotor 
blade. Moving the cyclic control stick af- 
fects the fore-and-aft and ' lateral move- 
ments of the helicopter. The lower end of 
the stick is fitted with a socket and the 
upper end with a grip. 



Cyclic Control Stick Grip 
(Figure 33) 



1 The cyclic control stick grip houses 
the STICK TRIM, TRIM REL. , AFCS RELEASE, 
I.C.S./&ADI0, ENG« ST* , and CARGO switches. 
The grip is Contoured to fit the right hand. 
Both the pilot's and copilot f s grips Ire 
identical. 



Mixing Unit* / 
(Figures 30 and 34) 



The mixing unit, consisting of a sys- 
tem' of bellcranks and linkage mounted on 
a common^ shaft, is located inside, near 
the top of the AFC§ .controls compartment. 
The unit coordinates and transfers indepen- 
dent movements of* the lateral, forward, 
aft, and directional (yaw) controls to the 
primary servocylinders and tail rotor. The 
mixing unit integrates collective pitch con- 
trol movements with the lateral, 1 fore-and- 
aft, and M directional systems. This causes 
the controls to move the primary servocylin- 
ders simultaneously in the same direction, 
and to change the pitch on the tail rotor 
blades to compensate for changes in pitch of 
the main rotor blades. 



Stick* Trim System 
(Figure 35) 



The stick trim system provides a fine 
degree of control over the cyclic control 
system during flight. This is accomplished 
automatically under signals from either 
STICK TRIM button on the cyclic sticks. 
Moving the STICK TRIM button forward, aft, 
left, or right will cause the cyclic stick 
to move smoothly in that direction. With the 
STICK TRIM MASTER switch in the ON position, 
operating the TRIM REL button will disengage 
the system for complete manual control. 
Releasing the switch will re-engage the 
system around the new reference point estab- 
lished by the cyclic stick. 



COLLECTIVE B0NTR0L SYSTEM 
(Figures 3d and 31 ) 



The collective control system provides 
vertical control of the helicopter from 
the pilot's and copilot's collective control 
sticks through a series of control rods 
and bellcranks, the auxiliary servocylinder, 
and mixing unit. At the mixing unit, all 
movements^of the collective stick are trans- 
mitted to the primary servocylinders and 
main rotor swashplate where the pitch of 
all blades is increased or decreased equal- 
ly and simultaneously • A balance spring 
installed on a control rod in the electronic 
compartment helps to balance the weight 
of the collective stick when the auxiliary 
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Figure 33. - Cyclic 

servo system is off. A collective stick 
friction lock is * located on the pilot's 
collective control stick. Rotating the ser- 
rated handgrip to the stop applies the de- 
sired friction to the tube of the collec- 
tive pitch stick to prevent creeping during 
flight and to provide feel for the pilot 
when he is operating the controls. The grip 
of each collective control stick contains 
several switches which are labeled for the 
function they control. (See figure 36.) 
The AFCS, vhen in operation, controls opera- 
tion of the collective control system 
through the auxiliary servocylinder. The 
mixing unit compensates for collective con- 
trol ^movement to change the pitch of the 
tail rotor blades. 

Collective Control Stick 
(Figure 37) 

The collective control stick is used 
to change the collective pitch of the main 
rotor blades. Moving the collective control 
stick affects the collective lifting pitch 
of the blades. The lower end of the stick 
is secured in a socket (ll), and, the upper 
end of the stick is fitted with a plastic 
grip (l) which houses various electrical 
switches (figure 36.) The wiring for these 
switches is contained inside the stick. 
The pilot 's collective control stick is 
equipped** with a friction lock mechanism 
(3-d) which permits the pilot to maintain 
a v desired stick position without holding 
the stick. 



control stick grip. * 

Collective Control Stick Grip 
(Figure 36) 



The pilot's and copilot's collective 
control stick grips house the CPLR RELEASE. , 
PRI. OFF - AUX. OFF, SLT. TRAIN, ENG + TRIM 
1 - 2, HOIST, and BAR. REL. switches. Both 
grips are contoured to fit the left hand* 



TAIL ROTOR FLIGHT CONTROL SYSTEM 
(Figures 30, 38, and 40.) 



The tail rotor flight control system 
Controls pitch of the tail rotor blades, 
which in turn controls heading of the heli- 
copter. The system consists of foot pedals 
and an adjuster for the pilot and copilot, 
and a series of control rods and belle ranks 
connected to the auxiliary servocylinder, 
and mixing unit. At the mixing unit, a con- 
trol rod operates the forward quadrant • 
From the forward quadrant, cables operate 
the rear quadrant in the pylon. A control 
rod from the rear quadrant connects to a 
control rod and pitch control shaft in the 
tail gear box. Pedal movements through the 
mechanical linkage, auxiliary servocylinder, 
and cables to the tail rotor will change 
the tail rotor blade angles simultaneously. 
This causes the helicopter to turn with 
the main rotor shaft acting as a pivot 
point. Increasing tail rotor blade pitch 
(left pedal) will overcome the ant^i-torque 
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1 Shim 

2 Bearing Flange 

3 Sjpacer 

4 Bolt, Waaher 

5 Mixing Unit 

6 Arm 



7 Bolt, Waahers, Nut, 
Cotter Pin 

8 Bearing Flange 

9 Bolt, Waahers, Nut 
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Cotter Pin 
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Bolt, Waahers, Nut, 


19 
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Cotter Pin 


20 


Arm 


15 


Spacers 







Figure 34. - Mixing unit. 
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force created by the main rotor, and the 
helicopter will turn left (pivot in direc- 
tion of main rotor rotation); decreasing 
blade pitch will allow the helicopter to 
turn right (pivot in direction opposite 
to main rotor rotation.) A hydraulic pedal 
damper is incorporated in the auxiliary 
servocylinder to prevent sudden movements of 
the control pedals from causing rapid charf-v 
ges in blade pitch, which might cause damage 
to the helicopter. The control pedals can 
be adjusted for different leg lengths by 
operating the hand-wheels supported on the 
fuselage at the left of the copilot and 
right* of the pilot. With the auxiliary hy- 
draulic system off, a negative force grad- 
ient spring causes tail rotor feedback 



loads . Also , in ground operations , the 
spring Assists pedal movement. The tail 
rotor flight control system can be operated 
automatically by the AFCS through the aux- 
iliary servocylinder. 

Negative Force Gradient Spring 
(Figures 30, 38 and 39) 

The negative, force gradient spring is 
contained in the housing mounted between a 
support fitting and the quadrant in the 
pylon. *The housing consists of an adapter, 
cylinder spring guide, sliding nut, and 
adjusting nut. An adjustable rod end attach- 
es to the bellcrank. 



39 



ERLC 



228 



IEEPER 



Off 
MASTER 

TRIM 
Rf LEASE 
SWITCH 




ON 



mors 

TRIM 
RCIEA5C 

SWITCH 



COWIOT'S 

TRIM 
RELEASE 
SWITCH 



RELEASE RELAY 
(SHOWN ENEftQlZED) 



NOTTS 

FORI ANO-AFT STICK TRIM VALVE 

Al CNEROIZED MOVES ARM AFT TO FWD 

CI ENERGIZED MOVES ARM FWD TO AFT 

LATERAL STICK TRIM VALVE 

A| ENERGIZED MOVES ARM RIGHT TO LEFT 

CI ENERGIZED MOVES ARM LEFT TO RIGHT 




, Tl— 
f c 8 * 1 



TO APXS 
SYSTEM 




SI 



LATERAL 
STICK TRIM VALVE 



FORE-AND-AFT 
STICK TRIM VALVE 



LEGEND 
RETURN 
PRESSURE 



S 2J273 <R11 



TO AUXILIARY SERVO 



Figure. 35» - Stick trim system - schematic diagram. 



During flight, the negative force gra- 
dient spring cancels feedback loads exerted 
by the tail rotor when the auxiliary hy- 
draulic system is off. During ground opera-' 
tions, with the tail rotor stationary, the 
spring extends any pedal movement from neu- 
tral to the extreme of the direction moved, 
provided the auxiliary hydraulic system is 
off. 

Pedal Adjustor 

The pilot's and copilot f s pedal ad jus- 
tors are incorporated in the tail rotor 



flight controls to position the pedals for 
increased pilot and copilot comfort'. Each 

fedal adjustor consists of a hand-wheel, 
one to the right of the pilot and the other 
to the left of the copilot), a flexible 
cable, and the adjustor actuating mechanism 
in the electronics compartment. Turning the 
PEDAL ADJUSTOR handwheel FORWARD or AFT 
increases or decreases the distance from the 
pedals to the seat. Adjustments should be 
made with feet away from the pedals to avoid 
damage to the adjustment cables, striker 
plates or microswitches. 
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Figure 36. - Collective control stick grip. 




1 Grip 

2 Scrtw, Nut 

3 Bushing 

4 Rivet 

5 Locking Pitting 
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G Sleeve 
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Lockwasher 
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13 Wiring 
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15 Grommet 
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17 Bolt, Spacer, 
Washer 

18 Guard 



Figure 37. - Collective control stick. 
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Figure 38. - Tail rotor flight control system (fuselage section). 
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REVIEW 



This section has dealt with the flight control system and its com- 



ponents. 



(Now answer the; following review questions* ) 



27. The cyclic control stick trim sys- 

tem holds the sticlj i,n a^ selected trim 
position by the use „of n • 



c 

D. 



electrical power - 
hydraulic pressure 
mechanical linkage 
friction blocks 



28. 



When the main rotor blade pitch 
is increased, tail rotor * blade pitch is 
'automatically increased by the action of 
thf . . ^ 

A. negative force gradient spring 

B. ^ primary servocylinders 

C. stick trim system ■ * ^ 

D. mixing unit 

29, The purpose of the cyclic control 

stick trim system i» to [ 

* A. provide a hydraulic boost for op- 
erating the ^flight controls 

B. keep the helicopter on a straight * 
and level flight 

C. / act as a substitute for the.aux- 
■' ' t * iliary servocylinder 

D. ' provide a fine degree of cyclic 

pitch control, during flight 

30 • The pilot can change *the collec- 

tive . pitch stick "feel" by adjusting the 



A. £tick trim system # 

B. APCS control 

C. friction lock * 
; D. BAR ALT control 

51. : .* Which electrical switches are on 
the collective control stick grip? 

1. * TRIM REL/ 

2. CPLR RELEASE 

3. CARGO 

4. BAR. REL. 

5. PRI. *@FF - AUX. OFF 

6. ENG. ST. * 

A. f, 3, and 6 only 

B. 2, 4, and 5 only 

C. 1,3, 4, and 6 

D. 2, 3,^5, and 6 



2 7.-B (Refer to page 34) 



28. -D (Refer to page 37) 



29.-D (Refer to page 37) 



30. -C the friction lock is used to 

lock the collective pitch lever 
\ in a set 'position". (Refer to 
page 38) 



31. -B (Refer to. page 38) 
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32. Sudden movements of the tail rotor 32. -A The ddmper restricts the" hydraulic 
control pedals are prevented by f lu£d flQW ; (Refer tQ page 3g) 

A. a pedal damper in the auxiliary^, - " / 

* servocylinder s<t „ „ 

| B, mechanical stops at the, extreme * 

ends of pedal travel \ 
C; a restrictor assembly in the con- » ^ * 

trol rigging , „ M , f , 

D. a counterweight assembly on the 
tail rotor blades 

33 • If the auxiliary hudraulic system 33. -D (Refer tb page 40) * 
is turned off during flight, feedback loads * , 
exerted by the tail rotor are cancelled B . 
by the . - 1 % . 



A. 
B. 

D. 



pedal adjuster 
auxiliary servocylinder 
aft quadrant 

negative force* gradient spring 



\ 



\ 
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PRIMARY ' HU DRAULIC SYSTEM 
(Figure 42) 



Turn to figure 42 as an aid in under- 
standing the following primary hydraulic 
system description.* The system is one of 
two independent hydraulic systems which pro- 
vide power to assist in flight contro^. 
Hydraulic power for maintenance bay be ob- 
tained from an external source connected to 
the external hydraulic pressure connections 
or by operation of the APU. In flight, the 
hydraulic pump (18), driven by the main gear 
box, supplies 1,500 psi pressure to the 
panel package (8), which provides, constant 
pressure to the servocylinders (22). The 
panel package also protects the hydraulic 
pump by allowing hydraulic fluid to return 
to the fluid tank for cooling when the 
3)rgtem is shut off. The pressure switch (7) 
is connected to the auxiliary k hydraulic 
system to prevent the prijnary hydraulic 
system from being shut off should the auxil- 
iary hydraulic system fail. The switch also 
controls the PRI-HYD PRESS light^ capsule on 
the caution/advisory panel. Primary hydrau- 
lic pressure is displayed on the HYD PRESS 
PRI indicator oh the instrument panel. ,Ac- 
cess to the pump and panal package is from 
th$ right transmission service platform. 
Fluid tank access is from th£ left transmis- 
sion,* service platform through the hydrau- 
lic refill access panel in the aft main 
rotor.head fairing. During* normal operation, 
the circuit ^extends from the circuit breaker 
through the pressure switch on the auxiliary 
hydraulic panel' package to the servo switch. 
In the PRI OFF position, the "circuit con- 
tinues to jthe primary hydraulic system panel 
package solenoid shutoff valve. If auxiliary 
hydraulic- system pressure drops, below 1,000 
psi pressure, the pressure switch opens, 
causing the primary hydraulic system sole- 
noid shutoff valve to - open. The AUX-HYD 
PRESS warning light will illuminate ajid the 
Pfll-HYD PRESS warning light will go off as, 
pressure builds up in the prlihary Tiydraulic 
system. 



EXTERNAL HYDRAULIC PRESSURE 
CONNECTIONS (Figure 41) 



Primary hydraulic system pressure and 
supply connections are installed on the 
coupling support, t aft and to the right of 
the main gear box. When not in use, the 
connections are covered with dust caps to 



prevent entry of foreign, matter. Access 
to these connections is gained by hinging 
down the right transmission service plat- 
form. ' 
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1 Coupling Support 

2 AFCS SERVO SUPPLY Connection 

3 UTILITY PRESSURE Connection 

4 PRI SERVO SUPPLY Connection 

5 PRI SERVO PRESSURE Connection 

6 UTILITY SUPPLY Connection 

7 AFCS SERVO PRESSURE Connection 



Figure 41. - External hydraulic pressure 
cotuiections. 

PRIMARY PANEL PACKAGE 



The primary panel package (figure 42, 
itenf 8) contains a 10-micron filter, differ- 
ential pressure indicator pin, pressure re- 
lief valve," restricting orifice plug, sftub- 
ber, and a solenoid shutoff valve. The panel 
package directs and controls flow of Jiydrau-* 
lie fluid in the system. The filter helps to 
protect the system from foreign particles. 
ShQuld the filter become clogged*, the dif- 
ferential pressure indicator pin will extend 
at 100 + 20 psi differential pressure. The 
relief valve protects the system by bypass- 
ing hydraulic fluid exceeding 1,750 ~psi 
pressure and directing it to the fluid tank. 
The snubber dampens and prevents surges from 
entering the pressure switch and pressure 
transmitter. Hydraulic fluid returns to the 
fluid tank to cool the hydraulic pump by way 
of the restricting orifice plug when the 
solenoid shutoff valve is off. The restrict 
ting orifice plug is color eroded blue for 
identification and has a rated flow of x 10 



47 



236 



o 




Plftiirc 42. - Primary "hydraulic aystca scliew.it Its dlagran. 
49 



o 

ERIC 



237 



Key to Figure 42. 



1. 
2. 
3. 
4. 
5. 

6. 
7. 

a. 

9. 
10. 
11. 
12. 
13. 
14. 
IS. 
10. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 



Low Pressure warning licit t 
Pressure Indicators 
Servo Switch (Pilot »«) 
Servo Switch (Copilot is) 
(Overhead Control Panel) SKKVO CUT OFT 
PR1 Circuit Dreukor 
Pressure Transmitter 
Pressure Switcii 
Primary Panel Pact:nge 
Snubber 

Solenoid Shu toft* Valve 
Restricting Orifice Plug 
Pressure ifcllof Vulvc 
10-Micron filter 
External Pressure Check Valve 
Vent and Overboard* Drain 
FluiU Tank 
Overboard Drain 
Hydraulic Pinup 
External Supply Coupling 
External Pressure Coupling 
Two-Way Restrictor 
Primary Servocylindcrs 
(Copilot is Circuit Drcnkor Panel) HYD 
PRKSS 1MB PR! Circuit Ureaker 



23S 




Figure 43. - Primary servocylinder 
schematic diagram. 



GPM. A spring-loaded normally open solenoid 
shutoff valve passes hydraulic fluid to the 
primary servocylinders. 

PRIMARY SERVOCYLINDERS 
(Figures 43 -and 44) 

Three primary servocylinders, mounted 
on the main gear box, transmit flight con- 



Z2 

trol movements to the stationary swashplate 
of the main rotor head. If the primary hy- ^ 
draulic system is operating, the primary * 
servocylinders hydraulically assist in 
flight control. If pressure is turned off or 
fails, the servocylinders function only as 
control rods. This is done by a spring- 
loaded bypass valve which prevents hydraulic 
iock and a sloppy link pilot valve connec- 
tion. The pilot valve and the lower clevis 
of the power piston are connected to the 
flight control system by the same bolt. The 
close tolerance between the connection to 
the pilot valve causes activation of the 
pilot valve before the loose fit at the 
power piston clevis is taken up and the 
power piston is mechanically displaced. c 
Pressure entering the HI port of the primary 
servocylinder closes the bypass valve and 
enters the upper chamber of the servocylin- 
der. Vith the pilot valve in neutral, fluid 
cannot escape from the lower chamber and the 
piston remains motionless. If the pilot 
valve clevis is moved upward, the pilot 
valve will port fluid into the lower cham- 
ber, and the piston will rise due to the 
area differential. . If the clevis is moved 
down, the fluid in the lower chamber is 
ported to return, and the piston will be 
forced downward by the pressure in the upper 
chamber. When flight control movements stop, 
the piston will continue to move until the • 
ports of the pilot valve close* The pilot 
* valve clevis will then be in the center of 
the sloppy link. When pressure is turned 
off, the bypass valve will open, preventing 
hydraulic lock. 

Each priinary servocylinder is identi- 
cal except for installation of boot strap 
springs (figure 4*5" item 13) on the lateral 
servocylinders and the relative angular ad- 
justment of the lower power piston clevis. 
The fore and aft primary servocylinder pisp_ 
ton clevis is 0.250 inch shorter. After 
angles are established, the pilot valve must 
be centered on the bolt hole center in the 
power piston clevis. The boot strap Springs 
aid in supporting the collective pitch stick 
when the auxiliary hydraulic system is turn- * ' 
% ed off. 



SERVO SELECTOR SWITCH 



A double-pole three-position servo se- 
lector switch (figure 42, items 3 and 4) is 
on the pilot's and copilot's collective- 
control stick grips. The servo selector 
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1 Pressure giose 

2 Elbow, Nut, Ring, Gajket 

3 Bolt, Waiters, Nut, Cotter Pin 
(Stainless Steel) 

4 Primary Servo cylinder 

5 Bracket 

6 Waaher, Nut 



7 Bolt, Waaher, Nut, Cotter Pin 

8 Sleeve Bushings 

0 Elbow, Nut, Ring, Gasket 

10 Return Hose 

11 Pin 

12 Bolt 

13 Sprtng 



Figure 44. ^ Primary servo cylinders . 



v switch shuts off either the primary or the 
auxiliary hydraulic system. When the switch 
is in the centered position, both systems 
are 'operating. To make sure of Safe opera- 
tion, only one system at a time ean be shut 
off by selecting either the PRI OFF or the 
AUX OFF positions. 



PRIMARY PRESSURE SWITCH 



The* primary pressure switch ( figure 
42, item 7), is mounted on the auxiliary 
panel package. The switch electrically con- 
nects the primary hydraulic system to the fc 
solenoid shutoff valve in the primary hy- 
draulic system through the servo selector 
switch on the pilot's collective pitch con- 
trol stick grip. In normal flight position, 
the primary and auxiliary solenoid shutoff 
valves are in the de-energized position 
until the servo selector switch i* actuated. 
With the servo selector switch in the PRI 
OFF position, a circuit is completed from 



the auxiliary panel package pressure switch 
to the primary servoqylinder panel package 
solenoid shutoff valve, energizing if. A 
circuit is then completed from the primary 
panel package pressure switch" to the PRI- 
HYD PRESS and MASTER CAUTION lights on the 
instrument panel shield in the cockpit. 
If the pressure <in the auxiliary s/stem 
drops below 1,000 psi pressure, the circuit 
between the primary pressure switch and 
the primary panel package solenoid shutoff 
valve is broken and the solenoid shutoff 
valve is de-energized. This allows primary 
hydraulic pressure to return to the flight 
controls. Power for the pressure switch 
is supplied by the >DC primary bus system 
through the SERVO 'CUT-OFF PRI circuit- break- 
er on the overhead control panel. 

PRIMARY HYDRAULIC INDICATING SYSTEM 
(Figure 42) 

The primary hydraulic indicating system 
consists of a pressure transmitter and in- 
dicator. Hydraulic pressure in the primary 
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hydraulic system is directed to the pressure 
transmitter for 'generation of electrical 
impulses to the indicator. A snubber in 
the primary panel package stabilizes the 
hydraulic pressure for accurate indications 
and tends to protect the transmitter from 
damage due to pressure surge. 

AUXILIARY HYDRAULIC SYSTEM 
(Figure 45) 

Turn to figure 45 as an aid in under- 
standing the following auxiliary hydraulic 
system description. , The auxiliary hydrau- 
lic system consists of a fluid tank (18), 
hydraulic pump ( 5 ) , panel package ( 1 1 ) , 

Pressure switch (17), pressure transmitter 
9) and support, PRI OFF-AUX OFF switch, 
pressure reducer -(22), servocvlinder (2l), 
and servocylinder filter (20). The system 
is one o{ two independent hydraulic systems 
which provide power to assist in flight 
• control. Hydraulic power for maintenance 
■ay be obtained from an external source 
connected to the external hydraulic pressure 
connections or by operation of the auxiliary 
power plant. In flight, the hydraulic pump, 
driven by the main gear box,Nsupplies 1,500 
psi pressure to the panel package, which 
provides a constant pressure to the servo- 
cylinder. The panel package also protects 
the hydraulic pump by allowing hydraulic 
fluid to return to the fluid tank for 
cooling when the system is shut off. The 
pressure switch is connected in the control 
circuit of the primary hydraulic system to 
prevent it from .. being shut off if the 
auxiliary hydraulic system is turned off or 
should fail. The switch also controls the 
AUX-HYD PRESS warning light on the caution 
advisory panel-. Auxiliary hydraulic pressure 
is displayed on the HYD PRESS AUX indicator 
on the instrument panel (figure 46). The 
five-micron servocylinder filter protects 
the servocylinder from contamination. Access 
to the pump, panel package, and fluid tank 
is from the right transmission service plat- 
form and through the hydraulic refill access 
panel in the aft main rotor head fairing. 
During normal operation, the circuit ex- 
tends ^from the circuit breaker through the 
primary panel package pressure switch to 
the PRI OFF-AUX OFF switch. In the AUX OFF 
position, the circuit continues to the aux- 
iliary panel package. If primary hydraulic 
pressure drops below 1,000 psi pressure, 
the PRI HYD PRESS light will illuminate 
and the AUX-HYD PRESS warning light will 
go off as pressure builds up in the aux- 
iliary hydraulic system. 



EXTERNAL HYDRAULIC PRESSURE 
CONNECTIONS (Figure 41 ) 

> > 

Auxiliary system pressure and supply 
connections are installed on the coupling 
support aft and to the right of the main 
gear box. When not in v use, the connections 
are covered with dust caps to prevent entry 
of foreign matter into the system. Access 
to these connections is gained by hinging 
down the right transmission service plat- 
form. 



AUXILIARY PANEL PACKAGE 



The auxiliary panel package ( figure 
45, item ll) contains a 10-micron filter, 
differential pressure indicator pin, pres- 
sure relief valve, restricting orifice plug 
assembly, snubber, and a solenoid-»operated 
shutoff valve i The panel package directs and 
controls *the flow of - hydraulic fluid in the 
system and is in the aft main rotor fairing. 
The filter protects the system from foreign 
particles. Should the filter become clogged, 
the differential pressure indicator pin will 
extend at 100 + 20 psi differential pres- 
sure. The relief valve protects the system 
by bypassing hydraulic fluid exceeding 1,750 
psi pressure and directing it to the fluid 
tank. The snubber dampens and prevents pres- 
sure surges from entering the pressure 
switch and pressure transmitter. The re- 
stricting orifice plug permits hydraulic 
fluid to return to the fluid tank to cool 
the hydraulic pump when the system is shut 
off. The restricting orifice plug is color 
coded blue for identification. A spring- 
loaded normally open solenoid shutoff valve 
passes the hydraulic fluid to the auxiliary 
servocylinder I Power for the solenoid shut- 
off valve is supplied by the primary DC bus 
system through the SERVO. 



AUXILIARY SERVOCYLINDER 
(Figure 47) 



The auxiliary servocylinder in the AFCS 
controls compartment consists of four sepa- 
rate banks of servo mechanisms constructed 
as one unit. The power pistons of each bank 
transfer flight control movements .mechani- 
cally or assist them hydraulically before 
they are fed to the mixing unit . The 
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Key to Figure 45. 

Warning Light 
Preaaure Indicator 
Servo Selector Switch (Pilots) 
Servo Selector Switch (Copilot* a) 
Hydraulic Pump 
Vent and Overboard Drain 
External Preaaure Coupling 
Cxtental Supply Coupling 
Preaaure Transmitter 
External Preaaure Check Valve 
Auxiliary Panel Package 

Reatrlctlng Orifice Plug 
Solenoid Shutoff Valve 
cron Filter , 
jaure Relief Valve 
satire Switch 6 
uid Tank 
Vent and Overboard Drain 
Five-Micron Filter 
Auxiliary Servocylitaier 
Preaaure Reducer ' 
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auxiliary servocylinder operates on mechaniT 
cal input during manual operation of the 
flight controls, on electrical input of the 
AFCS, and by electrical input of the stick 
triJB system*. Ihe directional bank is the 
hydraulic assist to the tail rotor only* 
Hydraulic power for the auxiliary servocy- 
linder is supplied by the auxiliary hydrau- 
lic system at 1,500 psi pressure and reduced 
to 60 psi pressure for beeper trim valve 
operation. Each of the four banks of the 
auxiliary servocylinder operates in a single 
area of control, functioning as fdre-and- 
aft, lateVal, collective, and directional 
(or yaw) hydraulic assists. Each bank incor- 
porates a dual input hydraulic servo valve, 
capable of being displaced by either mecha- 
nical or electrical (AFCS) input signals. 
The fore-and-aft and the lateral banks in- 
corporate a pair of solenoid-operated stick 
trion valves, which control fore, «aft t and 
lateral movements through the stick trim 
and AFCS systems! The directional bank in- 
corporates a pedal damping piston, which 
restricts sudden changes In the heading of 
the helicopter. 
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hYD ' J' PRESS 
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Figure 46. - Pressure indicators. 

OPERATIONAL DESCRIPTION 
(Figure 48.) 

The following paragraphs describe the 
mechanical and hydraulic operation of the 
auxiliary servocylinder when the flight con- 
trols are operated manually, by the stick 
trim system, or by; the AFCS. (Fold out 
figure 48 and refer to it as you read the 
following discussion.) The auxiliary servo- 
cylinder operates at* 1,500 psi hydraulic 
pressure supplied by the auxiliary pump. 

a. Hydraulic pressure for the lateral 
and fore-and-aft banks (detail A) enters 




1 Preawrt Rtducer 5 Collective AFCS Servo' 

2 Fore-and-Aft (Pitch) Valve 

* AFCS Servo Valve ^ 6 Lateral (Roll) Stick 

3 Yaw AFCS Servo Valve Trim Valve 

4 Lateral (Roll) AFC? 7 Fore-and-Aft (Pitch) 
/ Servo V^lve Stick Trim Valve , 

r * 
Figure 4?. - Auxiliary servocylinder 
installed. 

at port C moving the bypass valve against 
the spring to close the internal bypass 
ports and of>en the sloppy link at F. The 
pressure, entering at^-poft D, supplies the 
power to operate the trim piston • The nor-< 
raally closed stick trim valves trap the 
fluid on one side of the trim piston, and 
pressure is applied" to the other side pre- 
venting the triin piston from moving. Any 
movement of the flight controls is' absorbed 
by the trim piston spring. The pressure, 
entering at port E, operates the power pis- 
ton through the pilot valve. Movement of 
the flight controls in direction Z moves 
the pilot valve in direction X. This porta 
the pressure to one^jide of the power pis- 
ton, and return fronf'the other side moves 
the power piston in direction Y. 

b. Removing the hydraulic pressure 
(detail B) allows the spring, to position 
the bypass valve. This opens the bypass 
ports iind allows the trapped fluid to pass 
from one "side of the power piston to the 
other, preventing a hydraulic lock. Also, 
the sloppy link at F closes on the clevis 
pin, making a fulcrum updh which the-^power 
piston is moved mechanically. 
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' c. Upon receiving a signal, the AFCS > 
servo valve (detail ,C) restricts return 
from one side of the pilot valve, increasing 
the pressure on that side of the pilot val- 
ve. The servo valve, opens- the return from 
the other side of the pilot va^ve, moving 
the pilot yalve in direction X. As the pilot 
valve moves, pressure i$ ported to one side 
of the power piston . and .returns* from the 
other side. This moves the power pistpn 
in direction Y. . . * 

d. Upon receiving a signaJL, the stick 
trim valve B (detail C) opens, allowing 
pressure to flow to both sides of the trim 
piston. Since the* area on one side of the 
trim piston is greateV-than the other side, 
» the piston will move in direction Z. This 
^ill move the/ pilot valve in direction X 
and port the pressure to* move the power 
piston in direction Y. 

' e. When the' stick trim valve A (de-' 
tail D) opens, the trapped fluid is vented, 
to return from the large face area of the 
trim piston. Stick v trim valve B remains 
closed, directing the pressure to the smal- 
ler face area, mpving t^he. trim piston in 
direction- Z, moving the pilot valve in di- 
rection X, and' porting the pressure to move 
the power piston in direction Y. * 
... . > 

1 f . Hydra'ulic pressure at' the collec- 
tive bank (detail E) enters at port C, posi- 
tioning the bypass, valve close the- bypass 
ports, and opens *the sloppy link at F. Pres- 
sure also* , enters at port D. Movement of 
the flight controls, in direction Z moves 
the pilot valve in direction X, porting 
the pressure to one side of the power pis- 
ton* and return from the other side. This 
moves the power piston in direction Y. 

g. Hydraulic- pressure for the n direc- 
. tional and collective banks enters at port 
(detail F) . Upon receiving a signal/~the 
AFCS servo valve restricts return from one 
*side of the pilot valve, increasing the 
pressure in that sicie of tlje pilot valve, 
and* opens the return from the other side 
of the pilot valve. This moves the "pilot 
valve in direction X* As the pilot valve v 
moves, 0 .the. pressure, is ported to one side 
of the power piston and return from tjie 
other side.' This moves the power piston 
in direction Y. \ > 

f h. Hydraulic pressure enters at port 
C (detail 0\, positioning the bypass >» valve 



to close .the, bypass ports and open the slop-^ 
py link at "F. Pressure also enters at ports" 
*W and E. A movement of the directional pe^ 
dais reacts to move the flight controls 
in direction ' Z, moving the pijjjj^J^b^^ 0 
direction X, porting/ the pressure to one 
side of the power piston" and return from 
the other side: This moves the power piston 
in direction Y. \ . * * 

i. As the pedals move the flighty 
controls in direction Z (detail H), pressure 
is increased on one side of the pedal damp-*, 
ing vpiston, sealing the check valve on the 
pressure side and forcing the fluid through 
the damping '■ orifice, at a controlled rate. 
Hydraulic fluid entering at port £ maintains 
a supply to the cylinder . f ^The spring in 
the piston absorbs the initial^ , movement 
of the pedals to allow slight, uilrestricted 
changes in heading. 

* * 

j. Removing hydraulic pressure (de- 
tail ii^pajtses the spring to position the 
bypa-s^valve, opening the bypass ports. 
This allows the trapped fluid to pass from 
one side ' of the pedal damper piston to the 
other, preventing, a hydraulic lock. Also 
the sloppy link ' at F closes on the clevis 
pin, making a fulcrum upon which the power 
piston may be moved meclianically. ^ 

AUXILIARY PRESSURE SWITCH 
*** 

The .auxiliary pressure switch (figure 
45, item 17), on the primary panel package, 
electrically connects the auxiliary hydrau- 
lic system to the solenoid shutoff valve 
in the auxiliary jiydraulic system through 
the servo selector switch on the pilot ! s 
or copilot 1 s collective control stick 'grip. 
jfn normal flight position, the auxiliary 
and primary solenoidWshutoff valves are 
in the de-energized position until the servo 
selector switch is actuated. With the servo 
selector switch in the AUX OFF position, 
a circuit is completed from the primary 
panel package pressure switch to the aux- 
iliary panel package solenoid shutoff valve, 
energizing it. A circuit is then completed 
from the auxiliary panel package pressure 
switch to the AUX-HYD PRESS lights on the 
caution/advisory panel and the -MASTER CAU- 
TION lights in the cockpit. If the pressure 
in the primary hydraulic system drops below 
1 , 000 psi pressure , the> circuit between 
the primary panel package pressure switch 
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and the auxiliary panel package solenoid 
shutof f valve is broken /"and the valve is 
de-energized, allowing hydraulic pressure 
to return to the flighty controls. Power 



for the pressure switch is supplied by the 
DC primary bus system through, the SERVO CUT- 
OFF AUX circuit breaker on the over-head 
control panel. 
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REVIEW 



You have just completed the material dealing with the primary dnd 
auxiliary hydraulic systems. ' 

s. ' • « " 

(jNow answer the following review questions. ) 



34. Whar happens if; the pressure in 

the auxiliary hydraulic system drops below 
1,000 psi? 



'34. -B (Refer to page 47) 



A. The,, auxiliary hydraulic system is 
automatically shut off - 
. B. The primary hydraulic system can- 
♦ not be shut off 

C. The auxiliary system is pressuri- 
sed by primary system pressure 

D. The primary system is automati- 
cally shut t p£ f ' 

J . 

35. What is the purpose of the re- 

stricting orifice plug in the^ primary panel 
package? > > 



35. -A (Refer to page 47) 



A. Maintain fluid flow for* pump cook- 
ing 

B. Regulate ^system* pressure 

C. Supply pressure to the system in- 
dicator 

D. °Activate the bypass valye if the 

filter becomes clogged 



36- If primary hydraulic system pres- 

sure is lost, the primary servocylinders 
will . . 



36. -B (Refer to page 51) 



A. assume a m^id-range servocylinder 
piston position 

B. act as control rods to transmit 
control movements 

C. move to either extreme end of 
servocylinder piston travel 

D. become jammed in the last selec- 
ted position , „ 



37. Which primary servocylinder com- 

ponent aids in supporting the collective 
pitch stick when the auxiliary system is 
turned off? 



37. -D (Refer to page 51) 



A. Clevis 

B. Sloppy link 

C. Bypass valve 

D. - Boot strap spring 
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38. I How are ' the primary and auxiliary 
hydraulic systems inter-connected? 

1 • Mechanically 

2 . ' Electrically . ■* 

3. Hydraulically^ > 

1 only \ , \ ; 
2^cmlV, 

2 and 3 only . 
1, 2, and 3 * 

39. I Access to the auxiliary hydraulic 
system panel package is gained through the 



*3$.-B (Refer to page 52) 



39. -A (Refer to page '53) 



40. 
ten 



right transmission service plat- 
form and the hydraulic refill ac- 
cess panel ' 

left transmission service platform 
left side of the "dog house" 
cabin overhead 

I To what pressure is auxiliary sys- 
pressure reduced for operation of the 



beeper tr: 


Ira valves? 

1 " 


A. 


1,$00 psi 


B. 


1,000 ,psi 


. cf. 


50a psi 


* D. 


60 psi 



41. • A hydraulic lock within the aux- 
iliary seryocylinder piston chambers is pre- 
vented by t[he 

A. pilot valve 

B. bypass valve 

C. sfervo valve 

D. fulcrum 



40. -D, (Refer to page 57) 



41. -B (Refer to* page 67) 



42. 

in * your 
plied to 
stick* trim 
piston will 



Rfefer to figure 48, detail C, 
tejct. Assume that pressure is ap- 
he auxiliary aervocylinder and 
valve "B M is opened. The trim 



42. -A (Refer to page 59 and 61) 



A, 
B. 

D. 



43. 

Initial 



is absorbed by a 



molve ih direction M Z" 
become "pressure locked" 
move opposite to direction "Z ,! „ 
moire in either direction depend- 
ing upon movement of the 'power 
piston ■ 

Re|er to figure 48, detail H. 
movement of the tail rotor pedals v 



43. -C (Refer to page 59 arrd 61) 



A. chejck valve 

B. pedal damping piston 

C. spring within the damping piston 

D. fluid on either side of the damp- 
ing 'piston 
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44. If the A auxiliary servocylinder 
sloppy link closes on the clevis pin, the 
power. piston is being moved ^ . 



44. -B (Refer to page 61) 



A. hydra ulically 

B. mechanically 

C. by servo operation 

D. by* the' pilot;, valve 
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T58-CE-5 ENGINE 
OBJECTIVES 




When you complete this section, jcou will «be able to: 

1. Describe the engine and its components. 

2. ~ Explain the engine's various systems. ^ 

3. Summarize the emergency fuel control lever operation. 

4. Outline the starter system' and its operation, 

5* Distinguish between the engine operating instruments. 

6. Describe the engine fire extinguishing system* 

7. Summarize the T58-GE-5 engine wash and rust lick procedures. 



GENERAL ENGINE INFORMATION 



hCf ii 



The HH-^3F is equipped with two General 
Electric T58-CE-5 engines (figures 49 and 
50) each rated t at 1500 SHP. Each T58 engine 
is a compact ' turbo shaft engine with high 
pover-to-rweight ratio and uses the „ free 
turbine principle. The power turbine is 
mechanically independent of the gas genera- 
tor and,* within the power turbine govern- 
ing ran#s, power turbine speed is indepen- 
dent of output power • High torque is avail- 
able at low output speeds, providing rapid 
acceleration characteristics. The engines 
are * mounted * side-by-side above the ^cargo 
compartment, forward of the main gear box. 



Each engine consists of the following 
major components: an axial-flow compressor, 
combustion chamber, a two-stage gas genera- 
tor turbine, and a single-stage 'free power 
turbine, which is independent of the gas 
generator turbine. The* gas generator con- 
sists of the compressor, annular combustor, 
and two-stage gas generator turbine. 

The free turbine principle provides 
a constant free turbine speed output which 
results in a constant rotor rpm. Variations 
in power requirements to maintain constant 
free turbine Speed are accomplished by auto- 
matic increases or decreases in gas genera- 
tor speed. A hydromechanical fuel metering 
unit provide s maximum* engine performance 
-without exceeding safe engine operating 



limits. In the normal operating range, en- 
gine speed is selected by positioning the 
speed selector. The integrated fuel control 
system delivers atomized fuel in controlled 
amounts to the combustion chamber. , Flow 
of fuel and air through the combustion cham- 
ber is continuous, and once the mixture 
is ignited, combustion is* self-sustained. 
Changes in air pressure, air temperature/ 
and rotor operation all affect engine per- 
formance* With the FOD deflector, installed, 
helicopter velocity has practically no ef- 
fect on engine performance. The engine fuel 
control system automatically maintains se- 
lected power turbine speed by changing fuel 
flow to increase or decrease gas generator 
speed as required, thus regulating output 
power to match the load under changing con- 
ditions. A start bleed valve, mounted on 
the compressor, automatically ppens during 
the starting cycle to bleed approximately 
6.7% of compressor discharge airflow over- 
board. This decreases compressor discharge 
pressure, which lessens the possibility of 
compressor stall and allows the starrer 
to accelerate the gas generator faster. 
The valve automatically opens when the 
starter is engaged and remains open for 
3 to 7 seconds after starter dropout. A 
start fuel valve is installed between the 
engine fuel control and flow divider. This 
valve, when closed, shuts off auxiliary 
starting fuel flow. The valve may be used 
b^ the pilot during, the starting cycle to 
reduce starting fuel flow which decreases 
the .possibility of a hot start. (Refer to 
table 1 for engine start, wash, and rust 
lick procedures, page 81). 
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Figure 49. - 

COMPRESSOR 



The ten-stage compressor consists of 
the compressor rotor and stafc&r. The com- 
pressor rotor is supported by the front 
frame section and the compressor rear frame 
section. The • stator is bolted between the 
front frame section «and compressor rear 
frame. The primary purpose of the compressor 
ia to compress air for combustion. Ambient 
air enters through the front frame and is 
directed to the compressor inl^et, passes 
through ten stages of compression, and is 
directed %o the combustion chambers. The 



le cutaway view. 

inlet guide vanes (2, figure 49) and the 
first three stages of the stator vanes (3, 
figure 49) are variable and change their 
angular position, as a function of compres- 
sor inlet temperature and gas generator 
speed, to prevent stall of the compressor. 



COMBUSTION CHAMBER 



In the combustion chamber fuel is added 
to the compressed air. This mixture is ig- 
nited, causing a rapid expansion of gases 
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Figure^ 50. - Engine, main gear box, and APU installation. 



toward the, gas generator turbine section. 
As the air enters the combustion section, 
a portion goes into the combustion chamber 
where it is mixed with the* fuel and ignited; 
the remaining air fojrcns a blanket between 
the outer combustion 'casing and the combus- 
tion liner (5, figure 49^ .for cooling pur- 
poses. Once combustion is started by the 
two igniter plugs, it is self-sustaining. 
After the air . has been expanded and ^in-^ 
creased in velocity' by combustion, it is* 
passed through the first-stage turbine wheel 
of the gas, generator turbine (6, figure 
49). \ 



GAS GENERATOR TURBINE 



POUTER TURBINE 

The power' turbine* (7/ figure 49) is 
bolted to the rear flange of the second- 
stage turbine casing. The engine uses the 
free turbine principle, in .which engine 
output power is provided by tfye power tur- 
bine rotor, which is mechanically, indepen- 
dent of- the gas generator rotor. This rotor 
derives its power from the gases, which are 
directed to it by the gas generator turbine 
nozzles. Within the normal operating range, 
power turbirte speed may be maintained or 
regulated independent of output power. This 
principle "also provides more rapid acceler- 
ation because of the availability of high 
engine torque at low output speeds. 



The two-stage* gas generator ^turbine 
(6> . figure 49) is the rotating component 
coupled directly tQ the compressor. The 
turbine extracts the required power from 
the exhaust gases ta drive the compressor. 
The turbine nozzles that comprise the stator 
blades direct the exhaust ga^es to the tur- 
bine wheels. 



GAS ^pENERATOR SPEED (Ng) 



Gas generator speed (Ng) is primarily 
dependent upon fuel flow and is monitored 
by %he engine fuel control unit. The prin- 
cipal purpose of monitoring N g is t^control 
acceleration and deceleration characteris- 
tics, prevent overspeed, and establish a 
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Figure 51. - Engine fuel system. 



minimum idle setting. Gas generator spe«<J 
controls mass airflow pumped through the! 
engine and consequently the power available 
to the power turbine. 



FREE POWER TURBINE SPEED (N f ) 



The free power turbine speed (Nf) is 
dependent upon speed selector position and 
rotor load. The fuel control monitors 
Nf to regulate fuel % flow to maintain an 
essentially constant power turbine speed 
for a given speed selector position. 



filter, a fuel control unit, a static fil- 
ter, an oil cooler, a flow divider, a fuel 
manifold and "associated piping. The fuel 
control, unit is supplied fuel from the en- 
gine-driven fuel pump. Metered fuel fronr 
the* engine fuel control unit is piped 
through an oil-fuel heat exchanger and then 
enters the flow divider connected directly 
to the fuel manifold on the engine. For 
normal flight, rotor speed is selected Jby 
positioning the speed selectors, and the 
engine fuel controls will meter fuel to 
maintain the selected rotor speed. 



FUEL SYSTEM COMPONENTS 



r 



ENGINE FUEL SYSTEM 

An engine fuel system (figure 51) 
exists for each engine. Each system con- 
sists of ^an engine-driven pump,* a dynamic 



Engine-Driven Fuel Pump 



A dual operation engine-driven finel 
pump, mounted on each engine, is built into 
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a single housing. The pump consists of a 
positive displacement type gear pump and 
a centrifugal boost pump. Power for each 
pump is furnished from the engine accessory 
drive section by means of a splined sna/t . 
This shaft drives the fuel pump and simul- 
taneously acts as a link to transmit gas 
generator speed information to the engine 
fuel control unit. If the engine driveh 
fuel pump or splined shaft fails, the e'ngine 
will flameout due to fuel starvation** 

Engine Fuel Control Unit ' 

The engine fuel control units, one 
located on each engine, are hydro-mechanical 
units that regulate engine fuel flow to 
maintain, as selected, a constant free power 
turbine speed and thus maintain a constant 
rotor speed (N r ). Fuel from the engine fuel 
pump enters the fuel control unit through 
the inlet and passes through the fuel fil- 
ter. The fuel control has a fuel metering 
section and a computing section. The meter- 
ing section selects the rate of flow to 
the combustion chambers, based on infor- 
mation received from the computing sections* 
The metering section has a metering valve 
and a pressure regulating valve. The pres- 
sure regulating valve maintains a constant 
pressure across the main metering valve 
by bypassing excess fuel back to the engine 
fuel pump inlet. The metering valve is posi- 
tioned in response to various internal op- 
erating signals, and meters fuel to the 
engine as a function of these integrated 
signals. The enginfe fuel control unit per- 
forms the following functions! prevents com- 
pressor stall, turbine overtemperature, rich 
or lean blow-outs; governs gas generator 
idle and maximum speeds; and schedules inlet 
"guide and stator vane positions to provide 
optimum compressor performance. 

SPEED SELECTORS (ENGINE SPEED SELECTOR 
LEVERS) 



Two speed selectors, marked NUMBER 1 
ENGINE and NUMBER 2 ENGINE, are located on 
the overhead engine control quadrant (fig- 
ures 52 and 53.) Marked positions on the 
overhead quadrant are SHUT-OFF, GRD IDLE, 
MIN GOV, and 100% SPEED. The speed selectors 
are connected directly to the fuel stopcock 
and indirectly to the fuel metering valv« in 
the fuel control unit. 

When the speed ' selectors are in the 
SHUT-OFF position, fuel flow to the fuel 



nozzles is stopped by means of a stopcock 
that prevents fuel from entering the com- 
bustion chambers* The stopcock is open when- 
ever the speed selector is 6 degrees or 
more from the SHUT-OFF position and is 
closed when the speed selector is 3 degrees 
or less from the SHUT-OFF position. 

The GRD IDLE position, schedules fuel 
flow to produce approximately 56 percent 
Ng. Gas generator idle speed will vary with 
inlet air temperature* A limit stqp at CRD 
IDLE prevents inadvertent retarding of the 
speed selectors below the idle speed of 
the engines. The speed selectors may be 
retarded from the limit stop by exerting 
a downward and rearward pressure on the 



speed selectors. 



f 



Thte MIN GOV position of the speed se- 
lector is the point where the governing 
ran^e of the power turbine is entered and 
is approximately 87% Nf. When the speed 
selector is at the full forward position, 
the engine ^s producing maximum power tur- 
bine speed. 

Engine speed trim switches are instal- 
led on the collective stick grip to 
provide accurate speed changes and engine 
synchronization. With the speed selectors 
in the governing range, any force tending 
to slow the rotor system (such as increases 
in collective pitch) will be sensed by the 
fuel control unit, which will attempt to 
maintain constant N r by increasing power. 

ENGINE SPEED TRIM SWITCHES 

The engine speed trim switches located 
on each collective pitch lever grip (figure 
54), are used to make adjustments to pow- 
er turbine speed and for engine synchroni- 
zation. The switches are marked ENG TRIM, 
1 and 2, + (plus) and - (minus). The 
^ switches provide electrical power to ac- 
*tuators, in the overhead control quadrant, 
which are connected to the. speed selectors. 
The speed selectors are positioned by the 
* actuators for adjustment to the desired 
power turbine speed. Moving the ENG TRIM 
switches forward will cause increases in 
power turbine speed, and moving the switches 
aft will cause decreases power turbine 
speed. When the desired power turbine speed 
is attained, the switches* are released and 
will return to the spring- }. oaded^ center 
position. The switches are capable* of /ad- 
vancing the speed selectors from shutoff 
to the ground J.dl* detect and, if manually 
removed from the detent, to the full for- 
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Figure 52. - Overhead engine control quadrant, switch panel, 
and DC circuit breaker panel. 
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Figure 53, - Engine controls. 



ward position. The switches are capable 
of retarding the speed selectors from full 
forward to 93 ± \% N • The ENG TRIM switch- 
es receive electrical power from the DC 
primary bus through circuit breakers on 
the center overhead DC circuit breaker 
papel. The circuit breakers are under the 
general heading ENGINE (SPEED T&IM, l-ENG- 
2). 

EMERGENCY FUEL CONTROL LEVERS 

Two emergency fuel control levers, one 
for each engine, marked EMER FUEt CONTROL, 
are located on each side of the engine 
control quadrant (figure 53). The emergency 
fuel control levers operate independently 
and are used in event of fuel control unit 
malfunction. Each emergency fuel control 
lever has positive stops (marked OPEN and 
CLOSE) " and is connected directly, by a 
flexible cable and linkage, to the, main 
metering valv'e in each engine fuel control 
unit. The primary function of the emergency 
fuel control lever is to manually override 
the automatic features of the fuel control. 
The emergency fuel control lever must be 
used with extreme caution as it has direct 
control of fuel flow. Misuse can cause 
engine over-speed or overtemperature . 

\ 

The initial position of the fuel meter- 
ing valve is dependent upon the automatic 
features of the fuel control as established 



by the setting of the *speed selector. The 
emergency fuel control lever is mechanically 
connected to a cam within the fuel control. 
This cam 3 , when actuated by advancing the 
lever, contacts the/ fuel metering valve. 
Once conduct is established, further ad- 
vancement of the emergency fuel control 
will manually control fuel flow, which in 
turn regulates engine power output. The 
emergency fuel control is unable to reduce 
the position of the metering valve below 
that called for # by the speed selectors. 
Control below this point will depend upon 
the ' type of malfunction encountered. In 
all instances of emergency fuel control 
operation, ^remember that the speed selectors 
must not "be retarded beyond the CRD IDLE 
posiXion. ' The fuel stop-cock is located 
downstream of the metering valve and is 
actuated by the speed selectors. Placing 
the speed selector in the SHUT-OFF position 
will $top engine fuel flow regardless of 
emergency fuel control lever position. 



CAUTION 



At high power> settings considerable 
"dead band" travel will normally be 
encountered before the emergency fuel 
control 'lever becomes effective as in- 
dicated by a slight restriction in 
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Figure 54. - Collective pitch lever grip. 



control movement. When this is felt, 
the control will be very sensitive, and 
care should be taken not to exceed T5 
and Njr limits. 



^TARTER SYSTEM 



The starting system* consists of a 
starter, starter relay, start bleed valve, 
start fuel valve, starter button, mode se- 
lector switch, and abort' switch. The* system 
operates on 28 volts DC from the primary 
bus and is protected by circuit breakers, 
marked STARTER 1 ENC 2, located on the over- 
head circuit breaker panel. The engine 
starting system (figure 55) has two modes 
of operation: normal and manual. The normal 
mode provides a completely automatic start 
which includes automatic starter dropout 
after engine lite-off . The manual mode pro- 
vides an alternate means of starting when 
external electrical power or the battery 
is used. In this mode, the automatic start'er 
dropout feature is bypassed. In either mode, 
the * start bleed valve operates automatical- 
ly, and the auxiliary, start fuel shutoff 
valve may be operated by the pilot . * 

» 

f 

The starter has a duty cydle limited 
to 30 seconds continuous cranking. -a mini- 
mum cooling period of 3 minutes between 



start attempts, and a maximum of three start 
attempts in any 30-minute period. Before 
the starter can be energized, Af*U, external, 
or battery power is required. During start", 
as the engine speed selector lever is ad- 
vanced to the CRD IDLE position, the stop- 
cock opens and allows fuel to pass 'through 
the flow divider and to enter the number 
one (low pressure) manifold to the nozzles 
where it is mixed with compressor discharge 
air. As the fuel-air mixture leaves the 
nozzles, it is ignited by the two igniter 
plugs in the combustion chamber and enters 
a sustained combustion process. 



STARTER DROPOUT 



Starter operation and dropout may be 
monitored by noting the magnetic compass 
heading* before engine start. When the start- 
er is energized, the compass will swing 
to a new heading. When normal start circuit 
is used, the starter will automatically 
drop out when starter amperage falls below 
100 + 1$ amperes (45 to 53 percent Ng). 
„The compass should then swing back to its 
original heading, signifying the starter 
has dropped out. When the manual start cir- 
cuit is used, the starter will dropout only 
when the abort switch is actuated. 
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START BLEED VALVE 



MODtf SELECTOR SWITCH. 



' The' start bleed valves, located on 
each . engine, ^Jfcate automatically during 
the start cycle 7 - and require no specific 
piloJt action*. The function . of the -valve 
is Jroraise the .compressor {Stall, line during 
t^Se :. starts cycle to increase the reliability 
of : the start system. This is done by bleed- 
ing approximately 6,7 percent of the coiri- 
jjfressory discharge airflow at ground idle 
and by delaying th,e closing of the valve 
3 to 1 seconds beyond the point where the 
* starter, ignition circuit, and ' start fuel 
valve circuit are de-energized simultaneous- 
ly'. • The bleed valve" remains fully closed 
during ull , regimes of engine operation ex- 
cept" during starting. 



The mode selector switch, with marked 
positions' MANUAL and NORMAL under the gener- 
al heading START MODE, is located on the 
overhead control panel. When the switch 
is placed in the NORMAL position, , the auto- 
matic dropout ^function of the starter relay 
is energized, allowing the starter to remain 
energized 'to -.45 to 53#"Ng. When the, switch ; 
is placed in the MANUAL position^ the auto- 
matic dropout feature of the starter relay 
is bypassed, allowing the starter to remain 
energized until w the' abort switch is actuated 
manually .4 Tlie switch operates on 28 volts 
DC from the prim4ry bus. 



START FUE£ VALVES 



NOTE 



On helicopters modified 1 - by TCftO 2J- 
T58-544, the time delay rfelay has been 
removed' from the start bleed valve\ 



STARTER BUTTONS 



A starter button is located on each 
speed selector lever,. The starter is ener- 
gised by 11 holding the speed . selector lever 
in the SHUT-OFF position and momentarily 
depressing the starter butj^wh* This ener- 
gizes the starter relay an«§||fflAietes the 
circuit to the starter. Whenu^ng normal 
starting mode, after engine lite-off and 
the electrical power load to starter de- 
creases, the starter relay will automa.ti*- 
fcally dropout, de-energizing % the starter. 
When the manual mode is being used, the 
respective speed selector must be pulled 
down to actuate the abort sw^ch, which 
in turn drops out the starter. 



STARTER ABORT .SWITCH ' 

X. starter,* abort switch is located in 
ea,ch speed, selector lever. The switch is 
actuated by pulling down on the speed se- 
lector lever. This action breaks electrical 
circuit continuity to the ignition -.system 
and the starter relay." 3 ' t 



Two start fuel valves, one for each 
engine, are located in the engine compart- 
ment * and .are installed between the engine 
fuel control and flow divider. When the 
valve is actuated during the start cycle 
*of either engine, the flow of auxiliary 
.starting fuel is blocked. This blockage 
decreases the total amount of, fuel fl°w^ 
during starting, thus diminishing the pos-, 
sibility of an overtemperature condition* 
due to excessive fuel flow. The valves op- 
erate '.on 28 [volts DC from the primary bus 
and are * protected by the main starting cir- 
cuit breakers . 



Start Fuel Valve Switch 



The push-button type start fuel valve 
switch, marked ENG ST, is located on each 
cyclic stick grip. In addition to depressing 
the/ switch, the pilot must close the start- 
er relcby for the engine to be started before 
the varve -will operate. Either the pilot f s 
or copilot's switch will control the opera-, 
tion of \oth valves. The switch operates 
on 28 voltsADC from the primary bus. " 



VfGNITION SYSTEM 



Each engiAe ignition system consists 
of a capacitor-discharge ignition unit, two 
ignitor plugs, and a. control circuit. The 
system provides ignition" for starting only; 
during engine operation, the flame in the v 
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combustion chamber is self-sustaining. The 
ignition system is mounted on the engine. 
The system is controlled by a' three-posi- 
tion switch mounted on the overhead switch ^ 
panel. When the switch is in the NORM posi- 
tion, the ignition unit operates in conjunc- 
tion with the starter/ "The ignition system 
is de-energised when the starter is de-ener- 
gized. The ignition system operates on cur- 
rent from the DC primary bus through the 
starter cpntrol system. 



ignition Switches 



Two ignition switches, one for each 
engine, located on the overhead switch panel 
(figure 52), are marked IGNITION, 1 ENG, 
2. Each switch has three marked positions, 
TEST, OFF, and NORM. The switches > are nor- 
mally in the NORM position. When the switch 
is in the NORM position withTthe starter 
engaged, the ignition unit is energized. m 
Holding the switch in the spring-loaded 
TEST position "energizes the ignition unit' 
only. The TEST position is usej (for ground 
f '* operation only) without the starter to test 
the ignition circuit. A clicking can be 
heard when the switch is placed in TEST 
position. 'When the switch is in the OFF 
position, the ignition unit is de-energized. 
The' engine may be motored by using the 
starter - without ignition. The speed selec- 
tor must be in the SHUT-OFF position before 
the starter, and ignition systems can be 
energized.,, 

"ENGINE OPERATING INSTRUMENTS 



TORQUE METERS 

* "... 

Two torquemeters (l and 45, fifeure 
56), one ' for the pilot and one for the 
copilot, are located on^ the instrument pa- 
nel. 4 Each dual-pointer indicator, marked 
PERCENT TORQUE, contains two pointers, 

'marked 1 and 2, which indicate input torque 
to the main transmission in percent of 
maximum engine power output of each engine . 
Jhe electrically actuated torquemeter 

'dials, calibrated in percent torque, are 

* graduated in increments of 5 percent from 0 
to- 150 percent. The torquemeters operate on 
26 volts AC and are protected by circuit 
breakers, marked 1 ENG TORQUE SENSOR, loca- 
ted on the copilot's AC circuit breaker 



Z42. 

panel, and 2 ENG TORQUE SENSOR^ located on 
the pilot 1 s AC circuit breaker panel* The 
torquemeters indicate the suuount of torque 
bein^ applied to the raain^gear box by the 
engines* The torque sensing cells are loca- 
ted in the' main gear box and are hydromecha- ; 
nical in nature, sensing any shift in 
helical gear -at the input from each engine. 
Oil pressures within the cells are sensed by 
pressure transmitters and transmitted elec- 
trically to the torquemeters. 

** 

ENGINE GAS GENERATOR (N ff ) TACHOMETERS 



* Two engine gas generator tachdmeters 
(22 and 33, figure 56), one for each en- 
gine, are located on the instrument: panel,, 
and* indicate the speed of the gas generator 
in percent ,fpm. Each tachometer has two 
dials and pointers. "The outer dial and 
pointer indicates gas generator speed from v 
zero to 100 percent, in increments of two 
percent'. The small vernier* dial and pointer, 
located in the: upper left^and position of - 
the tachometer, indicates gas generator 
speed from zero to ten, in increments of one 
percent. The gas generator tachometer gener- 
ator is driven by the engine oil pump sh&ft. 
The electrical power produced by the gas 
generator tachometer generator is propor- 
tional to gas generator* rpm (100% Ng = * 
26,300 gas generator rpm)... 



N f AND N r TRIPLE TACHOMETERS 

Two triple tachometers (2 and 46, A fig- 
ure 56), one for the pilot and one for 
the copilot, are located on the instrument 
panel. Each tachometer contains three point- 
ers: the pointers marked l*and 2 indicate 
the power turbine speed (Nf) of the No. 
1 and 2 engines, respectively; the point- 
er marked R indicates the main rotor rpm 
(N r ). The engine tachometers are powered 
by their own tachometer generators, which 
are driven by the. power turbine through 
a flex, cable. The cable is roruted to the 
fuel control on which the generators are 
mounted. The main rotor tachometer is power- 
ed by its own tachometer generator, located 
on the accessory section of the gear box, 
and driven by the accessory gears. Thetach- 
ometers are read in percent rpm (103% 
Nf = 19,500 power turbine rpm and 103$ v 
N r = 210 rotor rpm) . 
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I' TORQUE INOICATOR 
2 TRIPLE TACHOMETER 
1 AFCS INOICATOR 
4 AIRSPEFD INOICATOR 
5. VERTICAL VELOCITY INOICATOR 
6 TURN ANO SLIP INOICATOR 
VOR SLAVE LIGHT 

VOR SLAVE TACAN MASTER SELECTOR SWITCH 
TACAN MASTER LIGHT v 
n I..MT OIRECTOR » 
K r ,M? DIRECTOR 
(t 'K 

LF 'AOF - VOR SFLECTOR PANEL 
MAPKER BEACON LIGHT 

15, AIRSPEEO CORRECTION CARD 

16, RADAR ALTIME/ER * 
17 PRFSSURE ALTIMETER 

18. RAOIO MAGNETIC INOICATOR 'RMI) 

19, COMPASS CORRECTION CARD 
30. FUEL MANAGEMENT PANEL 

71 I ANDING GEAR CONTROL PANFL 



22, GAS GENERATOR TACHOMETER 

73, POWER TURBINE INLET TEMPERATURE INDICATOR 

74. FUEL FLOW INOICATOR 

25. ENGINE OIL PRESSURE INOICXTOR 

26. ENC'lNE OIL TEMPERATURE INDICATOR 

27. TRANSMISSION OIL TEMPERATURE INOICATOR 
38, UTILITY HYORAULIC PRESSURE INOICATOR 

29. AUXILIARY HYDRAULIC PRESSURE INDICATOR 

30. PRIMARY HYORAULIC PRESSURE INOICATOR 

3!. HYORAULIC INOICATOR IDENTIFICATION PANEL 

32. ENGINE INDICATOR IDENTIFICATION PANEL 

33. GAS GENERATOR TACHOMETER 

34. POWER TURBINE INLET TEMPERATURE INDICATOR 

35. FUEL FLOW INDICATOR 

36. ENGINE OIL PRESSURE INDICATOR 

37. ENGINE OIL TEMPERATURE INDICATOR u 

38. TRANSMISSION OIL PRESSURE INDICATOR 

39. CAUTION-AOVISORY PANEL 

40. RAOAR SCOPE 

41. RAOAR CONTROL PANEL 

42 MARKER BEACON/RAWS CONTROL PANEL 
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43. COMPASS CORRECTION CARO 

44. EIRE WARNING TEST PANEL* 

45. TORQUE INOICATOR 

46. TRIPLE TACHOMETER 
47 AFCS INOICATOR 

48. AIRSPEEO CORRECTION CARO 

49. MARKER BEACON LIGHT 

50. AIRSPEEO INOICATOR 

51. VERTICAL VELOCITY INOICATOR 

52. TURN ANO SLIP INDICATOR 

53 VOR MASTER LIGHT 

54 VOR MASTER/TACAN SLAVE 5EL ECTOR SWITCH 

55 'TACAN SLAVE LIGHT ! 

56, FLIGHT OIRECTOR 

57. PLIGHT OIRECTOR 

58. CLOCK 

59, LF'AOF - VOR SELECTOR PANEL 
60.. RAOAR ALTIMETER 

61. PRESSURE ALTIMETER * 

62. RAOIO MAGNETIC INDICATOR <RMI) 
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Figure 56. - Instrument panel. 
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POWER TURBINE INLET TEMPERATURE (T 5 ) 
INDICATORS 



Two power turbine inlet temperature 
indicators (23 and 34, figure 56, marked 
EXH. TEMP, are located on the instrument 
panel. The indicators are graduated in de- 
grees Centigrade and operate from thermo- 
couples, located forward of the power tur- 
bine >n tfhe second-stage turbine casing, 
on <each engine. The maximum .power turbine 
inlet temperature is indirectly controlled 
by the gas generator speed adjustment of 
the fuel control. 



ENGINE OIL PRESSURE INDICATORS 

Two engine oil pressure ^indicators (23 
and 36, figure 56) v one for each 'engine, 
are located, on the instrument panel. The 
indicators are powered by 26 volts AC from 
the auto-transformer and are protected by 
circuit breakers, marked OIL PRESS 1 ENG, on 
the copilot's AC circuit breaker panel and 
OIL PRESS 2 ENG on the pilot's AC circuit 
breaker panel. Pressure is indicated in psi. 



ENGINE OIL TEMPERATURE INDICATORS 

t 

Two engine oil temoerature indicators 
J(2§ and 37, figure 56), one for each en- 
gine, are located on the instrument panel. 



ENGINE FIRE EXTINGUISHING SYSTEM 



The engine fire extinguishing system 
(figure 57) consists of two charged con- 
taints af bromotrifluoromethane (CFjBr), 
discharge nozzles, an overboard discharge 
tube, discharge indicator, necessary con- 
trols and a relay. The CF3Br containers, 



in the aft main rotor fairing structure, 
are charged with CF3Br, plus a nitrogen 
charge ta propel the" extinguishing agent 0 
into then engine compartment. Two fire ex- 
tinguishing discharge tubes are on the,cen- 
ter firewall near the .compressor , section 
of the engine, and two more discharge .tubes 
are on the vertical firewall, ai^ed at the 
power 'turbine section of the engine. 

The fire extinguisher system controls, 
on the ■ overhead control panel, are used 

r t0 energize the fire extinguisher system. 
When either FIRE EMER SHUT OFF SELECTOR 
NO. 1 ENGINE 6r FIRE EMER SHUT OFF SELECTOR 
Noi'% 2 ENGfNE handle is pulled, it shuts 
off fuel flow to that engine and completes 
the circuit to the FIRE EXT switch on the 

• overhead control panel. When the FIRE EXT 
switch is placed in the MAIN position, the 
electrical current from the- FIRE EXT cir- 
cuit breaker, through the FIRE EMER SHUT 
OFF SELECTOR handle, fires a cartridge ^with- 
in the contained, permitting the CF3Br to 
enter the engine compartment. If the fire 
has not .teen extinguished by the first dis- 
charge, placing the switch in the RESERVE 
position causes discharge. of theater con- 
tainer. The system is wired so that when 
the FIRE EXT switch is placed in the RESERVE 
position, the remaining container will be 
fired into the engine compartment whose 
FIRE EMER SHUT OFF SELECTOR handle has been 
pulled. 

A safety 'outlet in each cpntainer is 
connected, to the red THERMAL DISCHAi^E IN- 
DICATOR on the lower left side of the fuse- 
lage. If container pressure becomes exces- 
sive, * due to thermal expansion, the fusible 
' plug melts, the THERMAL DISCHARGE INDICATOR 
seal is^ejected, and the extinguishing agent? 
is discharged overboard. A pressure gage 
on each container facilitates a preflight 
pressure versus temperature check. Electri- 
cal power for the fire extinguishing system 
is supplied by the DC PRI bus,. 
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- TABLE 1. Engine Wash 

s * 



ENGINE WASH/RUST LICKjNG PROCEDURES 



n and Rust Lick Procedures. 



MINIMUM CREW 



PRfc FLIGHT 



2 COCKPIT OPERATORS 
1 FIRE GUARD 

1 WiVSH/RUSTLICK OPERATOR 



1 . ENGINE INTAKE is EXHAUST COVERS - re- 
* " moved 

2. ENGINE ACCESS, DOOfcS - closed 

3. APU INTAKE it EXHAUST - clear 

4. APU ACCESS DOOR , Is WORK * PLATFORM ^ 
^closed * - . » 

5. WHEEL CH0X. r in place 

STARTING CHECKLIST (^1-3 for night only) 

1, BATTER rV SWITCH - on 

2. COCKPIT LIGHTING CONTROL -7 rheostats 
full 

*3. PILOTS OVERHEAD MAP LIGHT - on Is posi- 
tioned 



NORMAL D'AYTLME PROCEDURES 



off 



off 



4. OVERHEAfl CIRCUIT BREAKERS - set 

5. ENG ANTI-ICE - off ^ 

6. WINDSHIELD ANTI-ICE • 
lr SEARCH LIGHT - off 

8. ANCHOR LIGHTS - of f - 

9. FUSELAGE LIGHT - off 

10. ANTI-COLLOSION LIGHTS (2) 
Yl. POSITION LIGHTS - off 

12. CABIN HEATER - off Is normal 

13. PITOT HEAT - off 

14. - * WINDSHIELD WIPERS - off ' „ 

15. WINDSHIELD WASHER - off 

16. LOADING LIGHT - off 

17. EMERG LIGHT - arm 

18. " NOSE GEAR - normal/kneel 

19. HOIST MASTER - off 

20. CARGO HOOK - off 

2l\ STICK TRIM MASTER - on 

22. channel monitor - off 

23. CONVERTERS (2) - pn 

24. EXT PWR - off 

25. BATTERY - on 

26. GENERATORS (2) - on 

27. IGNITION (2) - off 

28. HOIST CABLE -off and closed 

29. FIRE EMER SHUTOFF SELECTORS (2) 

30. FIRE EXT - off 

31. START MODE - normal 

'32. EMERG FUEL CONTROL LEVERS (2) 
closed 



in 



ck is 



33. 

34. 
35, 
36. 
37. 
38. 
39. 
40. 



41. 
42. 

*43. 
44. 
45. 



46. 
47.* 
48. 
49, 

50. 
51. 

52. 
53. 

54. 
55. 

56.' 



* ck is 



ENGINE SPEED SELECTORS (2) 
closed • ♦ 

ROTOR BRAKE - onjnin press 320 psi 
GEAf^tfANfiLE - down 3 green lights 
PARKING "BRAKE- - set, ~ ~' m 
f^Mf MASTER - off 
APU FUEL SHUTOFF - normal 
APU FIRE EXT DIG - off 
APU START/RUN SWITCH run 
CK FOLLOWING LTS ON - „-high exch" temp 
is ovspd * * <, 

PRESS TO TEST - low oil press, prime 
pump press and fire 
warning • ^ ^ 
FIREGUARD - posted (in posi?ion) 
APU START/RUN SWITCH - start position 
until Ng passes 45$ then release to run 
APU CLUTCH ENGAGEMENT - 76-80^ ftg , 
HYDRAULIC PRESS INST. (3) - pres* up 
WARNING LIGHTS' - tested 
following lights must be out - 
' CONV GEN PRI is AUX HYD PRESS XMISSION 
OIL PRESS is XMISSN CHIP D^T 
WASH OPERATOR'- alerted 
STOP CLOCK - start 
STARTER H ENGINE - engaged 
START WATER IN - indication of Ng con- 
tinue water wash 10 seconds 

Starter H engine - abort 

continuing »« water wash but not greater 
than 25 seconds elapsed time on starter 
REPEAT STEPS 47-50 for #2 ENGINE 
WAiT MINIMUM OF THREE (3) MINUTES BE- 
FORE PROCEEDING 
IGNITION SWITCHES (2) - on 
LOW PRESS WARNING LIGHTS <2) - press- 
to-test 

FUEL StfUT OFF VALVE switches (2) - 



on 



NOTE 



Turn on outside boost pump switches 
(No. 1 FWD and *Nq. 2 A-FT) on odd dates, 
and the inside switches (No. 1 AFT and NO. 
2 FWD) on even days. 

'57. FUEL BOOST PUMPS (2)'- on 

58. ALERT FIRE GUARD #1 ENGINE 

59. STOP CLOCK - start 

60. STARTER 4\ ENGINE - engaged 

61. SPEED SELECTOR - ground idle w/T5 less 
than 100°C (control T5 with start fuel 
valve on cyclic) 

62. STARTER DROP OUT - compass swings 
approx. 49^ Ng 

.63. CHECK FOR FOLLOWING READINGS : 
a. Ng - 53-59^ 
h. T5 - 300 - 560° C . 



2-47 



64. 
•65. 
66. 
67. 

68. 

69. 
70. 
•71. 
72. 
73. 



74. 

75. 
76. 

77. 

79. 

•79. 
80. 
81. 

82. 
.83. 
84^ 
95. 
86. 
87, 



c. FUEL FLOW - 130 pph 

' d. ENGINE OIL PRESS - Min of 10 gsi 
REPEAT STEPS 58-64 for #2 ENGINE * 
RUN ENGINES FDR THREE (3) MINUTES 
SPEED SELECTOR #1 ENGINE - stopcock 
SPEED SELECT* OR #2 -ENGINE - stopcock 
(Ensure T5 drops btelow and stays below 
260 C aftec stopcocking) 

v OPEN ENGINE COMPARTMENT WORK PLATFORMS 
FUEL "BOOST PUMPS (2) - off 
FUEL SHUTOFF VALVE SWITCHES (2) - off 
IGNITION SWITCHES (2) - off 
BEFORE PROCEEDING - do not attempt rust 
licking until T5 is less t?han*100*C - 
starter may be used to recluse, ^5 within 
limits , 
ALERT RUST LICK OPERATOR H 
T5 100*C or less) 
STARTER Ml ENGINE - engaged^ 
MOTOR #1 ENGINE FDty 20 SEC - abort 
starter 

STARTER #2 ENGINE - engaged * . . 
MOTOR M2 ENGINE FOR 20 SEC - abort 
starter * , ■ a 

EMERG LIGHT - disarm * 
APU START/RUN SWITCH - off 
COCKPIT LIGHTING CONTROL -7 rheostats 
closed . - u * 

STICK TRIM MASTER - off 
CONVERTERS (2) - off 
GENERATORS (2) - *>ff 
PILOTS OVERHEAD MAP LIGHT 
COCKPIT POME LIGHT - off 
BATTERY SWITCH - off 

LIMITATIONS 



off 



STARTER 



TIME v " 

7 Seconds - engine light must 

occur within 7 , sec after acfv to 
grnd idle 

FIRE PROCEDURES 

(*all cockpit indications are to be 
confirmed by fire guard before extin- 
guishing agents*) 



APU CO MPT 



1. 
2. 

-v 

3.. 



APU EMERG FUEL SHUTOFF 
SWITCH - off 
APU FIRE <EXTING SWITCH - 
fire extng 

APU MASTER SWITCH - off 



ENGINE* (if ENGINE , COMPARTMENT FIRE 



30 secortda continuous loati 

3 minutes between each attempt 

3 starts in 30 minutes . 



*3. 

4. 
5. 
6. 



SPEED SELECTOR - stopcock 
FIRE EMERG SHUTOFF SELECTOR - pull T- 
hand^e this will select compt that 
extinguisher will be fired into- and 
shut off fuel 

FIRE* EXTINGUISHER SWTJCH -"main 

FUEL SHUTOFF VALVE SWITCH - closed 

BOOST PUMP SWITCHES - off . 

ENGINE INSTRUMENTS - check T5 for rises 

- if above 300° C proceed with engine 

post-shutdown fire checklist 



ENGINE POST-SHUTDOWN FIRE 
(T5 300° C or above) 



1. IGNITION SWITCHES - off „ 

2. SPEED SELECTORS - stopcock 

3\ STARTER BUTTON - depress - motor start- 
er until T5 drops to below 200° C 

IF FIRE PERSISTS 



T5 



fuel boost pump operation min- 
imum for start 

Appro*. 49#"Ng starter* drop out 
53-59^ ground idle 
NO INDICATION,- abort 



100° C or less fr'or start or rust 
licking '« 
720«C hot start - abort 
300-560° C normal at ground idle 
300° C continuous temp after eru* 



has been stopcocked 
internal fire 



- indicates 



4. 

5. 
6. 



7. 



FLRE GUARD - discharge into air inlet 
duct while motoring engine 
SPEED SELECTOR - abort starter *~ 
IF FIRE WARNING LIGHT. IS ON 
a. FIRE EMERG SHUTOFF SELECTOR HANDLE 
- pull . <" 
*b. ENGINE FIRE-EXTING SWITCH - main 
TURN OFF ALL SWITCHES AND EXIT AIRCRAFT 
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REVIEW 

In this section -*re have discussed 'the T58-GE-5 engine. This is 
very dependable engine, but it should be given a good pre flight and 



postflight.^ 



(Now answer the following review questions.) 



45. Variations in power requirements 

•to maintain constant free turbine speed 
are accomplished fey > • 

A. tileedf-off • of compressor discharge 
airflow 



B. 

C. 

D. 



movement of the inlet guide vanes 
automatic increases or decreases 
in gas generator speed „ ' '« 
changes in air pressure and air 
temperature • 

4b. The start bleed valve remains open 
for ./-seconds after starter dropout. 

A. 3 to 7 

B. 3. to 9 ; ^ 

. C. 4 tp 7 

D. 6 t to 7 

» •■ "* 
47, Which ^components below are located 

within the fuel control unit? *' 





0 


1 . Fuel filter 






2. fyiel^flow divider- 






, T 3. Starr fuel valve^ 






4. ' Main metering valve 






5".* Rressure regulating valve 




A. 


1, 2, and 3 only 




B; 


1 # 4, and 5 only 




0 . 


2, 3, 4", and 5 only 




, D. 


- 1, 2, 3, 4, and 5 


y 


48. n 


The' around idle position of the 




speed* s 


»l»*-rv»>« m approximately Nff- 




A. 


533 


6 


B. 


54% 




C . 


55% . 




D. 


56t 



49. During operation of the emergenc) 

fuef control levers, actuating the norma] 
speed selectors to the setoff positiot 
will, . 



A. 
B. 



D. 



allow full emergency operation 
stop all fuel flow to the engine 
reduce* the fuel metering to the 
engine a 

increase the fuel metering to the 
engine * 



45. C - (Refer to page 67) 



46. -A This does not apply to engines 
that have been modified by T.C. 
T.O. 2J-T58-544. (Refer to page 
67) 



47. -B (Refer to page 71) 



48. -D (Refer tb page 71) 



'4*9.-9 . (Refer to page 73) 
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50. When the normal start circuit is 

'^used, starter dropout will occur at , 
- percent Ngt 



50. -C (Refer to page 74) 



ERIC 



.A. 
B. 
C. 
D. 



43 to 53 

43 to 55 

45 to 53 

45 to 56 



51. 

on the 



The- ignition switch is located 9 51.-C (Refer" to page 77) 



A. pilot ! s cyclic stick _ 

B. instrument panel 

C. overhead switch panel 

D. pilot's collective stick 



52. * The pilot's and copilot's torque- 4 
meters operate on t * . power. 



52. -B (Refer to page 77) 



A. 26 VDC 

B. 26 VAC 
•C. 29 VDC 
0. 28 VAC 



53. If the FIRE EXT switxh were placed 

in the MAIN position with neither of the 
FIRE EMER SHUT OFF SELECTOR handles pulled, 
what, if anything would happen? * 



53. -D (Refer to page 79) 



S 



A. 



B. 

C. 



EL 



The MAIN bottle would be dis- 
charged into the last selected 
engine 

The circuit breaker would pop 
The MAIN bottle would be 'dischar- 
ged into the thermal discharge 
tube 

Nothing - 



54. During the rust lick operation, 

the engine is motored for a total of = 
seconds. 



54. -C (Refer to page 82) 



A. 10 

B. 19 

C. 20 

D. 30 
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GROUND HANDLING AND SERVICING k 



OBJECTIVES 

When you complete this section, you will be able to: 
Describe the ground handling procedures for the HH-3F. 
Summarize the servicing procedures for the HH-3F. 



GROUND HANDLING 



TOWING 



Towing includes procedures necessary 
to manipulate the helicopter on the 
ground or in the warer. (See figure 
58.) - Before towing the helicopter, all 
personnel should > familiarize themselves 
with towing precautions. 

Towing Precautions. • 

• WARNING * 



Failure to observe any of these sa*fe£V 
precautions may result in damage to 
helicopter or injury to ptersonnel. 

NOTE 

To prevent damage to the helicopter compass system; 
when moving the helicopter within the first five minutes 
after helicopter shut-down. APl T power must t>e applied 
and abrupt helicopter movements avoided. After twenty 
minutes, the helicopter mav \>e moved with no damage to 
the compass svstem, L'nder no circumstances shall the 
helicopter he moved l>erween 5 and 20 minutes after the 
helicopter s electrical power has l>cen secured. 



4. Never tow the helicopter faster than 
5 mph and avoid quick starts and stops. 

5. Avoid, when possible, braking to stop 
in turns -at any. towing speed. Damage to 
nose landing gear may result. 

6. When toving helicopter near obstacles, 
station personnel near obstacles to prevent 
collision. 

7. Make sure all personnel are clear of 
the helicopter before taxi or tow opera- 
tions. * 

8. Move all equipment from the intended 
helicopter path and, whenever possible, " 
avoid congested areas. 

9. Remove wheel chocks only when feady 
to tow. 

\0. Nev*r tow or back the helicopter over 
rough ground or steep, grades using nose 
landing gear tow bar. 

Nose Landing Gear Towing (See^ figure 58.) 
CAUTION 



PACT ION 

Do „ not drag floats on ground if neces- 
sary to move helicopter with floats 
inflated, 

1. Do nor tow the rielicopter on land while 
engines or main rotor blades are in opera- 
tion. > 

2. Make sure that controls are ..attended 
by qualified, helicopter personnel, that 
brakes are ^n good operating condition, and 
rhar brake system pressure is built up by 
pumping brake pedals. 

3. Make sure the. helicopter is moving 
before turning the nose gear. 



To. prevent damage to nose landing gear 
components, do not tow with nose land- 
ing .gear in kneeled position. Do not 
, release PARKING BRAKE until tow bar 
is secured between helicopter and tow 
vehicle, 

- — t 

1. Disconnect the low-resistance static 
ground strap if it is connected. 

* 9 

2. Insert tow bar (T-29) pins into towing 
points and secure with locking bar. 

3* Release the lock and push down on the 
PARK LOCK handle; rotate nose gear with 
tow bar just enough to remove any side load 
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TO* 8AH 'T 2* 



Figure 58. - Ground towing. 



on lockpins. Check for comglete lockpin 
retraction by moving nose landing gear in 
both directions. 

4. Connect the tow bar (T-29) between 
tow vehicle and helicopter. 

5. Make sure all mooring lines are dis- 
connected . 

ft. Hn^j ^Mh* PARKING BRAKE handle while 

"releasing it, by depressing brake pedals. 

Remove chocks and proceed with towing op- 
eration. V 



Main Landing Gear Towing 



1. Attach tow cables, or other similar 
equipment, to main landing gear. , 

2. Release the* lock and push down on the 
PARK «L0CK handle; check to see that lockpin 
is completely retracted by rotating nose 
gear with tow bar in both directions. 

3. Hold PARKING BRAKE handle while re- 
leasing it, by depressing brake pedals. 

4. Make s^xre all mooring lines are dis- 
connected. 

5. Remove chocks and perform emergency 
towing operation. * 



Under* emergency conditions, towing may 
be done by attaching 'cables, or other simi- 
lar equipment, to tow ri^figs on the aft 
portion ' of the main landing gear struts and 
positioning the tow vehicle aft of the 
helicopter. 



Emergency Wat'er Towing 



Under emergency conditions, the heli- 
copter may be towed in a forward direction 
on the water. . 
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CAUTION 



*'fr * Lock the rotor brake handle in the 
engaged position, using latch ( step 2) . 



To prevent excessive rolling .and pos- 
sible upset, do not tow helicopter 
ir> rearward direction. 

NOTE 

i 

These procedures are provided as a 
guide only. Deviations are permitted 
to suit* a specif ic situation. 

'I. ' Inflate emergency flotation bags, if 
not previously done. 

«i 

2. Lower landing gear to lower center 
of gravity of helicopter. 

PARKING AND MOORING - .GENERAL 



Accessibility requirements for mainte- 
nance and servicing normally determine the 
position for parking and mooring the heli- 
copter. However, prevailing wind direction 
and speed, gusts and, frequency of gusts, 
proximity of other aircraft and buildings, 
and gross weight of the helicopter must be 
• takjn into account. Generally, the following 
referenced instructions are applicable under 
,the circumstances indicated. Local condi- 
tions, however, must be overriding factors 
when you are determining action to be takcrv. 



Parking 



1. Locate the tielicopter more than rotor 
blad* distance from other helicopters or 
ob^tts. If wind speeds of less than 20 
knots are expected and the helicopter is 
to stand for a short period of time, park 
the helicopter „ for ease of maintenance and 
servicing. If wind speeds of 20 knots or 
more are expected , park the helicopter fac- 
ing into the wind. 

2. Install main landing gear safety pins 
(T-12) (step I, figure 59). 

3. Apply the rotor brake and check to 
see that the pressure gage (step 2) indi- 
cated minimum of 320 psi pressure. 



5. Center the nosewheel and. pull up on 
the PARK LOCK handle (step 3). 

6. Depress brake pedals and pull up on 
the PARKING BRAKE handle to lock parking 
brakes (step 4) . 

7. 'Chock the main wheels (step 5). 

8. Ground the helicopter using the ground 
strap, 

9. Cover the cockpit windshield with wind- 
shield protector (T-6), if necessary. 



Mooring 

Helicopters tied down as directed can 
withstand winds, up to 65 knots. (See fig- 
ure 154.) 



CAUTION 

Evacuate helicopter to a safe weather 
area or store in a hangar when a tor- 
nado, hurricane, or wind above 65 knots 
is expected. 

1. Park the helicopter in accordance with 
procedures in the previous Parking section. 

2. Chock the nose wheels. 

3. If wind speeds above 30 knots arc ex- 
pected, nail rhe~ wood cleats from chock 
to chock on each side, of the main and nose- 
wheels. Use a rope if wood clears arc nor 
available, or when using ice grip chocks. 

CAUTION 



Use extra care when removing blades 
^ ' in winds higher than 30 knots. 

4. To equalize weight on bo r h sides of 
the helicopter, rotate the main rotor head 
to position one blade over aft fuselage, 
and engage rotor brake. When high winds 
arc forecast, and time permits, it may be 
desirable to remove main roror blades. 
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ASSIST POLE "M 



MOORING LINES 





Figure' 60. - Mooriiig. 



5. -Install* blade tiedown tip sock (T-13), 
using assist pole(T r l). , ' 

% • ' CAUTION 

"To* prevent damage to blades, ^ avoid 
excessive tightening of tiedown lines. 
At no time should tiedown deflection 

^of' blades tips exceed 4 feet from (sta- 
tic position. 



6. Secure the 'end of each blade tiedown 
line to nearest landing gear tiedown ring. 



Normally, lines should be tightened to de- 
flect blade tips' 6 inches downward fVom 
static ppsition. *' 

7. Secure the mooring, lines' frbm nose 
"and^ main gear tiedown rings to tiedown fit- 
tings or anchors in accordance with figure 
154. If wind speeds above 30 knots are ex- 
pected, use 5/16-inch aircraft cable. If 
cable is not available, three chains with 
a 3,000-pound pull test each or two lines 
of 3/4-inch manila rope may be used. 

'8. Secure all. maintenance stands and loose 
equipment. , 
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9. ^K^fter high winds, check helicopter for 
damage from flying "objects and buffeting. 



Cold Weather Parking And Mooring 



CAUTION 

Do not chip off ice or snow, as damage 
to helicopter may result. Use brush 
*as an alternate method. 



1. Avoid wet or slushy areas when parking 
the helicopter. 

2. To prevent- tires from freezing to 
ground, clear snow from the parking area 
and place tires on insulating material. 

3. To prevent rupturing of diaphragm seals 
in the main rotor head on next engagement, « 
tie down blades in full lag position., 

^ ■* 

4. ' Alfter the helicopter is moored secure- 
ly,' release the parking brakes to prevent v 
freezing in locked, position. 



PROTECTIVE COVERS AND ENGINE PLUGS 

>^ Protective covers are provided for use 
during stowing or parking to keep precipita- 
tion, dirt ^ dust, etc., out of the helicop- 
ter and, to protect the main rotcJr head, tail 
rotor head, windshield, engines, itiain rotor 
blades, and tail rotor blades. In addition, 
covers are provided to seal the pylon; 
engine plugs are provided for the engine air 
intake and exhaust; and shields are provi- 
ded for the APU inlet and exhaust. For an 
illustrated /listing of protective covers and 
engine plugs, see figure 61).' 



CAUTION 



GROUND SAFETY LOCKS AND PINS 



Use 'of de-icing fluid containing meth- 
\ yl-alcohol is prohibited. 



5. If. helicopter surfaces are wet, dry 
them and install protective covers \when 
the helicopter is to be parked for more 
tlran one-half day at below freezing tem- 
peratures and the danger of precipitation 
exists. Surfaces may be covered with a thin 
film of de-icing fluid (C-2) to prevent 
covers from freezing to the helicopter. 



Ground safety pins (T-12) >are provided 
for £he main landing gear strut to prevent 
accidental retraction while the aircraft 
is on the ground. (See step 1, figure 39.) 
The nose landing gear is fitted with a safe- 
ty lockpin, controlled by the % PARK LOCK 
'handle. (See step 3.) The nosewheel safety 
lookpin prevents the wheel from pivoting 
wh»n the helicopter is parked. 



SERVICING 



6. ^Place coyers over landing gearwheels 
to prevent snow or rain from entering brakes 
and subsequently freezing.' 



COLD WEATHER GROUND CHECK/DE-ICING 

Check the entire heli^pter for snow, 
frost, and ice accumulation. 



NOTE 



Snow, frost, or light ice can be re- 
moved from aircraft and rotor blades' 
I "by normal runup. , # 



GENERAL 



Servicing includes checking, filling, 
and draining various helicopter components. 
Detailed instructions are provided in ser- 
vicing and draining diagrams and in tables 
2, 3, and 4. Servicing instructions not 
covered by these diagrams and tables are 
covered under the appropriate titles as 
necessary. ' % 



airjkIme group Servicing 



Servicing 
group systems 



requirements for "airframe 
and components, are contained 
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PROTECTOR ' T 20)- 



PROIECIOR '1 4i 




PROTECTOR 5> 



Figure 61 • - 



PLUC^T-7) 

Protective covers and engine plugs. 



PLUG (T-81 
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in figures 62, 63^ and table 2 , Addition- 
al servicing instructions are covered under 
the appropriate titles. 



TA&LE 2 



CONSUMABLE MaItERIALS REQUIRED 



WARNING 



Observe all cautions and warnings on 
the containers when using consumables. 
When applicable, wear necessary pro- 
tective gear during handling and use. 
If a consumable is flammable or ex- 
plosive, MAKE CERtAJN consumable and 
Kept away from heat, 



its vapors are 
spark, ^and flame. 



MAKE CERTAIN heli- 



copter is i properly grounded an4 fire- 
fighting equipment is readily avail- 
able before use. For additional infor- 
mation on toxicity^ flashpoint^ and 
flammability of chemical^/ refer to 
T\0. 42C-1-9 or NA 07-U-505. 



ITEM 

NO. 

C- 

1 



NOMENCLATURE 



Anti-freeze, Ethylene 
Glycol,., Inhibited 

Fuel, Aircraft TurbxneV 
and Jet Engine, Graie 
JP-5 

Hydraulic FUiid, 
Petroleum Base, Air- 
craft and Ordnance 



PART NO*. 
(MJR'S 

DESICNATIpN) 

-federal Specifi- 
cation O-A-548 

Military Specifi- 
cation MIL-J- 
5624 

Military Specifi- 
cation MIL-H-5606 
(NATO H-515) 



3A Inhibitor, ftiel System- Military Specifi- 
Icing cation MIL-I-27686E 



Lubricating Oil, Air- 
craft Turbine Engine, 
Synthetic Base 

Lubricating ^Oil, Air- 
craft Turbine Engine, 
Synthetic Base 

Lubricating Oil, Air- 
craft Turbine Engine, 
Synthetic Base 

Lubricating Oil, Air- 
craft Turbine Engine, 
Synthetic Base > 

Lubricating Oil, Air- 
craft Turbine Engine/ 
Synthetic Base 

Lubricating Oil, Inter- 
nal-Combustion Engine, 
Preservative 



9A Lubricating Oil, Inter- 
nal-Combustion Engine, 
Preservative 



10 Lubricating Oil, Gen- 
eral Purpose, Low 
Temperature 

10A Nitrogen, Technical 



11 Silicone Fluid, 

Dimethyl Polysiloxane 



Military Specifi- 
cation MIL-L-7606 
(NATO 0-148) 

Military Specifi- 
cation MIL-L- 
23699 (NATO 0-156) 

ESSO TURBO 

35 (NATO 0-149) 



SHELL 750 
(NATO 0-149) 



TEXACO STATO- 
35 (NATJ3 0-149) 



Military Specifi- 
cation MIL-L- 
21260 Type 1, 
Grade. 30 NATO ' 
C-642)' 

Military Specifi- 
cation MIL-L- 
21260 Type 1, 
Grade 50 J ' 

* ' 

Military Specifi- 
cation MIL-L-7870 
(NATO 0-142) 

Federal 'Spec if i- * 
cation 3B-N-411C 
Type, 1, Class 1, 
Grade A or B 

Military Specifi- 
cation W-D-001078 
(100 Centistoke Vis- 
cosity) * 
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Figure 63. - Servicing diagram. 
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' TABU) 3. SERVICING TABLE 

FUEL SYSTEM 

The following fuels have been recominmended by the engim 
settings must be adjusted when fuel typ.es are being changed 



Material 
Jet Fuel 
Jet Fuel 
Turbo Fu£l 
Turbo Fuel 
Turbo Fuel 
Aircraft Turbine 
Fuel 

Aircraft Turbine 
Fuel 

Jet Fuel* . 
Canadian Fuel »/ 
Jet Fuel' 
jet Fuel % ' 
*J et. Furl 
Turbo Fuel v 
Turbo ^ . 
Kerosene r 
'Kerosene 
Kerosene »> 
Turbine Fuel 
Turbine Fuel' 
- British Fuel - 
** * 



r 



Specification 

MIL-J-5161G 

MIL-T-5624H 

Exxon Referee 

Exxon 

Exxon 

ASTM * 

ASTM 
. Texaco 
3-CP-22C 
MIL-J-5161G 
MII-T-5624H 
Mobil 
Humble 
Gulfflit;e 
Texaco 
Texaco 
Phillips 
Aeroshell 
j\eroshell 
D. ENG. R.D. 



Grade or Type 
I (JP-4 Referee) 
JP-4 
"4 
4 
1A 



JP-4 

2 ' * 

II (JP-5 Referee) 
JP-5 

JP-5 (Referee) 
A- 1 
. A 

K-40 
. K-58 

T.F. 

640K 

650K 

2482 



irer. Fuel control 
Rejected use. 

Fuel Control 
and Flow 
Divider Setting 

JP-4 
JP-4 
JP-4 
JP-4 
JP-4 



JP-4 

JP-4 

JPr4 
JP-4 
JP-5 

JP-5 
JP-5 

JP-5 
JP-5 
JP-5 
JP-5 
JP-5 
JP-5 
JP-5 
JP-5 
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Table 3 (cont.) 



REPLENISH WITH 



CAPACITY 
U.S. MEASURE 



SPECIAL INSTRUCTIONS 



FUEL SYSTEM (cont.) 



GRAVITY REFUELING, -1° to 0° NOSE DOWN, LATERALLY LEVEL 



Fuel JP-5 (C-2) 
JP-4 used as 
alternate 



Total 

Eorward Aux 
Forward Main 
Aft Aux 
Aft Main 



184 gal 
348 gal 
245 gal 
345 gal 



Net Capacity 
(Usable) 

Forward Aux 183.8 gal 
Forward Main 344.52 gal 
Aft Aux 245.7 gal 



Aft Main 



343.39 gal 



NOTE 

If prolonged operation is anticipated 
with fuel other than fuel indication 
set on flow diVider and fuel control, 
adjustments should be reset to type 
fuel being used. (Refer A to fuel density 
and flow divider adjustment, T. 0. 
lH-3(H)F-2-4.) Operation with a fuel 
or fuel mixture which differs from 
fuel type set on flow divider and fuel 
density set on fuel control can affect 
engine starting characteristics as in- 
dicated: 



'Cell Drain 
(Unusable) 
Forward Aux 

, Forward Main 
Aft Aux 
Aft Main 



0.2 gal 
3/48 gal 

0.3 gal 
2.61 gal 



S 



Flow Fuel 

*Fuel in Engine Divider Control Probable Ef- 
Fuel System Setting Setting feet on Start 



JP-4 
JPf4 

JP-5 
JP-5 
JP-5 



jfr-5 
JP-4 
JP-5 
JP-5 
JP-4* 
JP-4 



JP-4 Hot Start 

JP-5 Cold Hangup 

JP-5 Hot Start 

JP-4 Slightly Warm 

JP-£ Cold Hangup 

Cold Hangup 



*Fuel in- engine system will not change"* 
fdr first start after refueling unless 
engine fuel system has been drained. 

Engine starts after refueling with fuej 
other than type set on flow, divider and 
fuel control should be monitored close- 
ly for possible over-temperature indi- 
cations, which 4 can, be ^ controlled 
through use of auxiliary start fuel 
valve. Should cold hangup be experi- 
enced, emergency engine control throt- 
tle can be- used to accelerate to idle. 



Ground helicopter to truck. Plug hose noz- 
zle ground into grounding jack above each 
refueling receptacle, J remove cap, and fuel 
as required. 
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Table 3 (cont .) 



EPLENISH VITH 



CAPACITY 
U.S. MEASURE 



SPECIAL INSTRUCTIONS 



PRESSURE REFUELING ~ % 
150 GPM, -l°'to 0° .NpSEDOWN, LATERALLY LEVEL 



Fuel JP-5 (C-2) Total 

JP-4 used as Forward Aux -175 gal (approx) 
alternate Fprward Main 324 gal-(approx) 

% * Aft Aux 237 gal (approx) 

•Aft Main 328 gal (approx) 



Net Capacity . 
(Usable) 

Forward Auxl74.8 gal (approx) 
Forward Main 320.52 gal 

(apprjfl)- 

Aft Aux 236.7 gal (approx) 
Aft Main 325,39 gal 

(approx) 



Cell Drain 
(Unusable) 



NOTE . ^ 

i 

If prolonged operation is anticipated 
with fuel other than fuel indication 
set on flow divider and fuel control, 
adjustments should be reset to type 
• fuel being used. (Refer to fifel density 
and flow divider adjustment , T . 0 . 
' " lH-3(H)F-2-4.) Operation with a fuel 
or,/ fuel mixture which, differs from 
fuel type set on flow divider and fuel 
density, set on fuel control can affect 
engine starting characteristics as in- 
dicated: 

Flow Fuel 

*Fuel in Engine Divider Control Probable Ef- 
Fuel System Setting Setting feci on Start 



Forward Aux' 


0.2 gal 


JP-4 


jp-5 : 


JP-4 


Hot Start 


Forward Main 


3.48 gal 


JP-4 


JP-4 


JP-5 


Cold Hangup 


Aft Aux 1 


0.3 gal 


JP-4 


JP-5 


JP-5 


Hot Start 


Aft Main 


2.61 gal 


JP-5 


JP-5 


JP-4 


Slightly Warm 






JP-5 


JP-4 


JP-5 


Cold Hangup 






JP-5 


JP-4 


JP-4 


Cold Hangup 



CAUTION^. MAIN GEAR 

To prevent damage to. Tnain gear box, 
do not mix grades of lubricating oil. 
If various grade oils (C-5, C-6, C- 
7, or C-8) are to be used, oil must ^ ■ 
be drained from main gear box and re- 
filled with desired "grade. If lubri- 
cating oils (C-5, C-6,"C-7, or C-8) 
are being- used prior to using lubri- 
cating oil <(C-9), main gear box must 



^Puel in engine system will not change 
for first start after refueling unless 
engine fuel system has been drained. 

Engine starts after refueling with fuel 
other than ^ype set on flow divider and 
fuel control should be monitored close- 
ly for possible over-temperature indi- 
cations, which can be controlled 
through use of auxiliary start fuel 
valve. Should cold hangup be experi- 
enced, emergency engine control throt- 
tle can bfe used to accelerate to idle. 

BOX . 

first be °flushed with Rubricating oil 
(C-9) and then refilled. Also, if 
switching from lubricating oil (C-9) 
to any other grade of lubricating oil 
(C-5, C-6,. C-7, or C-8), -flush the 
main gear *box and then refill with 
'appropriate oil. (Refer to T.0. 1H- 
•3(H)F-2-4, Lubrication System - Flush- 
ing.) 
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Table 3 (cont. ) 

pfpifvt^h wtth CAPACITY SPECIAL INSTRUCTIONS " 

REPLENISH WITH u s MEASURE 

MAIN GEAR BOX (Cont) 

CAUTION 

» • ' If lubricating,, oil (C-9) is used at 

'* „ temperatures below 0° C. (32° F.), 

oil must be pre-heated. 

Hinge * down left transmission service plat- 
Lubricating Oil U gal (approx) form and open transmission refill access 
(£_ 5 ) *12 gal (approx) panel. Inspect daily and replenish to FULL 
)^\) mark, if necessary, as indicated on sight 
( C _ 7 ) level gage, on lower left side of gear box 
)^Zs) v lowsr housing. Main gear box is full when 
(^9) „ oil is at botton of inner circle. ReTill 

when oil is at bottom of outer circle. 

. NOTE 

Oil cooler is filled from main gear 
box. 



INTERMEDIATE. CEAR BOX 



CAUTION 



To prevent damage to intermediate gear 
box, do not mix grades of lubricating 
oil. If various grade oils (C-5, C- * 
- 6, G-7, *or C-8) are to be used, oil 
- v must be drained from ^ear box and re- 

filled with dusired grade. If lubrica- 
, * w ting oils (C-5, C-6, C-7, or C-8) are 

4 ^ being used prior to using lubricating 

o,il ^C-9), intermediate gear box must 
first .be flushed with lubricating oil 
(C-9) and then refilled. Also, if 
switching from lubricating oil (C-5, 
* * C-6, .C-7, or C-8'), flush the inter- 

mediate gear box and then refill with 
appropriate oil. (Refer to T.O. 1H- 
* 3(H)F-2-4. Intermediate Cear Box - 
« Flushing. ) 

' * CAUTION 

If lubricating oil (C-9) is used at 
*' Temperatures below 0 a C. (32° F.), 

* oil must be pre-heated. • 

Lubricating Oil 0.2 gal (approx) Inspect daily and replenish to top of 0.375 

diameter circle if necessary, as indicated 
^ on sight level gage on lower left side of 

' ^ gear box center housing. Intermediate gear 

box is full when oil is at top of 0.375 
(j_g) ' diameter circle. Refill when oil is at bot- 

tom of circle. 

^Helicopters modified by T. C.*T. 0. 1H-3(H)F-512 and CC1480 and subsequent. • 

1 v. 
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Table 3 (Cont.) 



REPLENISH WITH 



CAPACITY 
U.S. .MEASURE 



TAIL GEAR BOX 



SPECIAL INSTRUCTIONS . 



CAUTION \ 



To 'prevent damage to tail gear box, do 
not mix grades of lubricating oil. If 
various grade oils (C-5, C-6, C-7, or 
C-6) are to be used, oil must be drain- 
ed from gear box and refilled with de- 
sired grade. If lubricating oils (C-5, 
C-6, C-7, or C-8) are being used prior 
to using lubricating oil (C-9), tail 
gear box must first be flushed with 
lubricating oil (C-9) and then refill- 
ed. Also, if switching from lubricating 
oil (C-9) to an^ other grade of lubri- 
cating oil (C-5, C-6, C-7, or C-8), 
flush the tail gear box and then refill 
with appropriate oil. (Refer to T.O. 
lH-3(H)F-2^4, Tail Gear Box - Flushing. 



CAUTION 



(C-9) is used at 
0°C. (32°F.), oil 



Lubricating ,0il 
(C-5) 
(Cp6) 
(C-7) 
(C-) 
•(C-9) 



Hydraulic Fluid 
(C-O) and Air 



Hydraulic Fluid" 



Hydraulic Fluid 
(C-O) 



0.4 gal. (approx) 



If lubricating oil 
temperatures below 
must be preheated. 

Replenish ,to FULL' mark, if necessary, 
as indicated oji sight level gage, on 
lower left side of gear box center 
housing. 1 



MAIN WHEEL SHOCK STRUT 



WARNING 



Nitrogen (C-10A) 
or v Air 



, 0.35 gal. To prevent injury to personnel, dis- 

- charge air before attempting to refill 
strut. ,, 

NOSEWHEEL SHOCK STRUT 

0.75 galw (approx) 

-> 

• - WHEEL BRAKE SYSTEM 

Left System ^.2 fluid oz. - " • 

(approx) 

Right System 5.8 fluid 02. 

(approx) 

• • EMERGENCY , EXTENSION AIR BOTTLE 

v 3000 psi , Observe pressure gage on right transmission 

deck. Charge container at air chuck. , 
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Table 3 (cont.) 1 




8 


REPLENISH WITH 


CAPACITY 

U.S. MEASURE SPECIAL INSTRUCTIONS 

V 








RESCUE HOIST 






Lubricating Oil 

(C-10) 


HoUt 


10 fluid os. Inspect weekly (29 to 30 houn) and replenish, if 
neceaaary. 






Air 


Accumulator 


200 pel 

WINDSHIELD WASHER RESERVOIR 






Wattr 




1. 5 gal When temperatures below 0°C (32°F) are expected, 
flU with solution of 60% antl-freeze (C-l) and 40% 
water. 

FLOTATION MR BOTTLES 






Air 




3000 pel Remove accesi panel forward ■ pons on LH. Inspect 
dally and recharge, If necessary, to 3000 pal. 

TURBINE OIL SYSTEM 

GRAVITY FILLING OIL TANK 










CAUTION 

/ To prevent damage to engine service plat- 
form and helicopter, do not let platform 
freefall when opening. 


• 




Lubricating Oil 

(C-4) 

(C-5) 


Total 

No. 1 oil tank 
No. 2 oil tank 


Hinge down' No. 1 and No. 2 engine service plat- 
2.5 gal (appro*) formi. Visually inspect oil level through oil filler 
2.5 gal (appro*) capropening. Oil level shall be even with the filler 
neck feceen. Inspect dally and replenish, If nec- 
essary. Drain and fill at engine overhaul. 










' NOTE 




) 


* 


< 


When servicing engine oil syntem, use only 
like brand! of < 11 because of possible Incom- 
patibility of dif erent manufactured brands. 
* Refer to paragraph 2-15. » - 

APU * - 


< 




Lubricating Oil 

(C-4) 

(C : 5) 


Oil Tank • 


" 0. 75 gal Hinge down left tratsmission service platform and 
open APU accesi panel. Inspect daily and replenish 
to FULL mark, if necessary. 






Air 


Accumulator 


1000 pit (Refer to accumulator charging, T. O. 1H-3(H)F- 
2-3.) 

PRIMARY FLUID TANK ' 


• 




Hydraulic Fluid 
(C-3) 


Fluid Tank 


^0.45 gal With collective stick in low pitch, and cyclic pitch 
<tv stick full forward, hinge down forward panel on left 
■ide of aft main rotor fairing and fill fluid tank to 
FULL mark. 

AUXILIARY FLUID TANK f 






Hydraulic Fluid 

(C-3) 


Fluid Tank 


0. 45 gal Hinge down aft panel on left tide of main rotor 
fairing and fill fluid tank to FULL mark. 




** 


- 
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iFPl FN1SH WITH 



Hydraulic* Fluid 

C-3' 



Hydraulic Fluid 



"l.ubriValiiiK Oil 

C OA' 



Hydraulic Fluid 
C-3. 



■Lubricating Oil 

C-9t 
*C-9A> 



Oil c-\u 



' Table 3 (cont.) 



CAPACITY * 
U.S MFASt'RF 
I 



UTILITY FLUID TANK 



SPECIAL INSTRUCTIONS 



CAUTION 



Fluid Tank * 3.05 igal 



To prevent damage to utility fluid t.ink, ramp 
shall be m flmht position, nose gear jacked 
and accumulator iharued to operatmu pres- 
sure before scrvirinu utility fluid tank. 

Hume doun panel on ntiht side of main rotor fairing. 

Fill fluid tank to FULL mark *i" I«*vel iwe. 



rotor*brak£ rfsfrvoir 



Reservoir 



Oil Tank 



3. 2 fluid 
tapprox) 

SLEEVE -SPINDLE OIL TANKS 
0. 14 gal 



Fill rotor brake reservoir to FILL mar*k. 



Inspect dailv and replenish, if necessary. Fill to 
OIL l.EVFt. mark. Position blade over nose of 
t, helicopter to ' heck proper level. Use lubricating 

oil <C-9A .\W»n ambient temperature .iIhhv 15 F 
i .9 4 C) and Uibn< ating oil <C-9* when ambient h m- 
perature is below 15 F -9. 4 C>. 

DAMPER FLUID TANK 



Damper r 
Fluid Tank 



Rese rvoir 



38. 4 fluid oz. 
Lipproxi 

TAfL ROTOR HEAD RESFRVOIR 



Inspect daily and replenish 
OIL LEVEL mark. 



if necessary. Fill to 



0. 24 gal 
< appro* » 



Inspect dally and replenish if oil level fall* below 
upper MTN mark. Fill to upper MAX mark, Use 
lubricating oil <C-9A> a hen ambient temperature ts 
above 15 F -9.4 C and lubricating oil (' 9 when 
eminent temperature is below 15 F<-9.4 C 



DRIVE SHAFT VISCOUS DAMPER 



Damper 



4 25 fluid oz. 
(approx) 



Remote inspection covers from tail drive shaft. 
Inspect dallyfor leakage and replenish, if necessary. 



•Rotor heads, li received serviced with lubricating otl (C-4). must be dratwd and Hushed with lubricating 
oil (C-9 or C-9A) For flush and fill procedures, refer to T O. 1H-3W)) -2-5. 



TABLE 4. DRAINING TABLE 



* DRAIN 

Engine Otl Tank 
and Sumps 



Main Gear Box 



LOCATION 

Forward Frame of Engine 
(two places) 



Main Gear Box Lower 
Cover 



SPECIAL INSTRUCTIONS 

Hinge down engine service platform, actuate drain 
valve plunger, and drain lubricant from oil tank 
into receptacle. Unscrew chip detectors from engine 
sumps and drain lubrtcant im> receptacle. 

NOTE 

Inspect magnetic chip detectors for metal 
particles. 

Remove center acccsrcovcr from drip pan, un- 
screw magnetic chipflftector from sell-scaling 
fitting In lower housing, screw the drain fitting 
(T-3) into fitting, and tirain lubrtcant into con- 
tainer. 
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TABLE 4 (£ont . ) 



DRAIN 



UXATION 



/ 



Uur medial* Grax 
Bos 



Utility Fluid Tank 



Wlmtrjr Fluid 
Tank 



Auxiliary Huid 
Tank 



Damper Reeervolr 

Reeerrotr 
Bull 



Fuel Call 



Feel Call Sump 



Fuel Purifier 
Drain 



Fual FUtar 

■» 

Fual FUtar 



Pilot SUUc 
Tubai 



Intermediate Gear pox 
Sump 



Right Alt Main Rotor 
Fairing 



Left Aft Main Botor 
Falrlag 



Left Aft Main Rotor 
Fair lag 



Top o( Maia Rotor 
Head 

Tail Rotor Read 

Bottom Center of Tub 
(teres placaa) 

o 



Bottom of Tub Forward and 
Aft fual CeUa and Forward 
and Aft Aux CtUa (four placaa) 

Bottom of Tub Forward and 
Aft Fual C*1U ana Forward 
and Aft Aux C'llU (aix pUcee) 

Bottom of Tub, Forward 
of 2nd Cabin Window LH 
(one place) Forward ol Jet 
Cabin Window RH (one 
pl*ca) 

Left FWelace, Aft of 
2nd Cabin Window 

Right Fuselage, Aft of / 
2nd Cabin Window 

Elder rooice Compartment, 
LH (oat place), RH (two 

Seas). Cockpit canopy 
m place) LH andRH. 

Bottom LH andjtBH 
tponaon (eight placee) 



SPECIAL INSTRUCTIONS 
NOTE 

Inspect magnetic chip detector (or metal 
j>articl«e. # ^ 

Remove Intermediate gear box accaae (airing, 
unscrew magnetic chip detector from eelf-eeallng 
fitting In aump, ecrew drain fitting (T-3) inio fitting, 
and drain lubricant Into container. - . 

Hinge down right tranamlseton eervice platform, 
open acceae panel at ait main rotor fairing, unscrew 
drain plug at bottom of fluid lank, and drain hydrau- 
lic fluid into container. 1 / 

Hinge down left tranemlaaion eervlce platform, open 
acceee panel at aft main rotor lairing, unacrew 
drain plug at bottom of fluid tank, and drain hydrau- 
lic fluid into container. 

Hinge down left transmleelon platform, open, ac- 
cese panel at aft main rotor fairing, unacrew 
drain plug at bottom of fluid tank, and drain hy- 
draulic fluid into container. 

DUcormect hydraulic damper hoae at fluid tank and 
drain hydraulic fluid into container. 

Unscrew drain plug and drain fiuitflnto container. 

Unacrew hull drain. pluge at bottom center of tub 
and drain. " 



WARKINO^ 



■d, exerctee proper 
laKH (uet cell. 



To prevent fire haxar 
precautions when drati 

Hinge down fuel drain cover, sttsch suction hosse, 
actuate eprlng-ioaded drain vsivi', and drain fuel 
into fuel truck. 

Ueing ecrewdrlver, actuate eprtng-loaded draU 
raive and drain fuel into contairer. 



Uling ecrewdrlver, actuate spring- loaded flrais 
valve. 



*Hmge open access panel and open drain cock* 
Hinge open acceee panel and open drain cock* 



Hinge up noee door and unStrew cap. Enter cock- 
pit and unacrew cap. ^ * 



Unscrew eponson drain plugs. 
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TABLE 4 (Cont.) 



Rotating Naviga- 
tion Ucht 

Oil Tank (Sleeve* 
Spindle) 

APU 



Bottom ofTub between 
Spowons 

Main Rotor Head 
Sleeve -Spindle 

Left Aft Main Rotor 
Fairing 



Remove one mounting screw. 

Remove plug at bottom oi vertical hinge cap and 
plug on bottom side ol sleeve. 

Open APU access panel, unscrew drain plug at bottom 
forward o( sump, and drain Into container. 



TIRE SERVICING 



Main landing gear tires should be in- 
flated between 70 and 75 psi pressure. Nose 
landing gear tires should be inflated be- 
tween 75 and 80 psi pressure. These pressure 
ranges are adequate for all loadings and 
anticipated climatic conditions. Maintain 
tire inflation at prescribed levels, and 
check at least once every seven days. Dur- 
ing cold weather operations (-15° F. or 
l^wer), when helicopter tires are serviced 
a warm area and the helicopter is sub- 
sequently parked outside, tires may become 
underinflated or even go flat . If this prob- 
lem is encountered, tubes may be installed 
in the tubeless tires. 



WARNING 



To prevent injury to personnel, do 
not attempt to use high-pressure air 
to service tires. Air pressure in ex- 
cess of 500 psi could cause wheel to 
explode. Air pressure in 1,000 to 3,000 
psi range will damage air valves. 



CAUTION 



To prevent damaging tires and wheels, 
tires paired in dual wheel configura- 
tion shall have matching diameters. 



FIRE PROTECTION SYSTEM SERVICING 



1 . Ct^ck container gage s to make sure 
they indicate at or above the minimum pres- 
sure specified on the Temperature-Pressure 
decal. (See figure 64.) Referenced tempera- 
ture should closely approximate that of 
container, and the temperature should be 
checked only when the helicopter has been in 



CF 3 BR 

TEMPERATURE-PRESSURE 
RELATION TABLE 



TEMPERATURE 
DEGREES F. 




MINIMUM 
ALLOWABLE 
PRESSURE 


— 40 




100' 


— 20 




120 


0 




150 


20 




180 


40 




230 


60 




280 


80 


V 


330 > 


100 




430 


120 




520 


140 


r 


' 630 



Figure 64. - Fire extinguisher servicing 
decal. 



a location 
enough ^f or 
to dissipa 
equal ambi 
temperature 
cently move 
a.ture. If 
other than 
be that o 



of constant temperature ltfng 
heat in transmission compartment 
te and container temperature to 
ent temperature. Do not check the 
if the helicopter has been re- 



;d to an area .of different temper- 
check must be made at conditions 
indicated, temperature used must 
f the container itself, or that 
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inside the fairing immediately around the 
container. Chart in figure 64 will apply 
with temperature taken, using either method. 



8. After air bottle has cooled, if pres- 
sure is below -2,650 psi, repeat, steps 4 
through 7, n 



2. Lightly tap gage guard with pencil 
to overcome internal friction in gage which 
could prevent correct reading. 

3. If pressure indication,, or container 
weight, is below minimum specified, con- 
tainer must be returned to an activity capa- 
ble of performing necessary tests and ser- 
vicing. 



AUXILIARY FLOAT AIR BOTTLE SERVICING. 



After actuation of auxiliary flotation * 
system, perform steps 1* through 6. If pres- 
sure has dropped below 2,650 psi, perform 
steps 4 through 8. 

. } » 
1, Remove left-hand sponson access cover. 

,2, Stow handle in cabin to closed posi- 
tion. 

3. Reset mechanical valve on air bottle 
by applying pressure on arm and closing. 

4. Remove cap and loosen outer hex nut 
by "turning counterclockwise with hose at- 
tached, * 



NOTE 



Ling air bottle too rapidly causes 
air to heat and expand, resulting in 
excessive pressure^, ^ 

5, Connect hose from source of nitrogen 
(C^-lOA) or a compressor with a rated output 
of two cubic feet per minute and equipped 
with a mechanical moisture separator; fill 
air bottle to 3,000 psi. 

6, With hose attached to valve, tighten 
outer hex nut by turning clockwise with 
50 to 70 inch-pounds torque. Disconnect 
hose. 

7, Using soap solution, test for leaks. 
Air bubbles indicate leakage. 



HYDRAULIC SYSTEMS SERVICING/ 



Hydraulic systems servicing includes 
checking, filling* and/ draining of the pri- 
mary, auxiliary, t»tili^ fluid tanks, damper 
fluid tanks, ao& rptior btfake reservoir. 
For detailed §*i^icAiig instructions, 
figures fty and w iS5 anji tables 3 and 4. 

I 



see 



POVER PLA)St ANjS TRANSMISSION SYSTEMS 

i 



SERVICING 



Power plant and transmission systems 
servicing includes checking? filling, and 
draining thte' No. 1 and-Wo. 2 demountable 
power plants, .auxiliary power unit (APU), 
and gear t\oxes. For detailed servicing in- 
structions^, see figures 63 and 65 and 
tables 3 afld 4'. 



dAUTION 



,To make vsure of proper servicing of 
engines ir gear boxes when changing 
from ; one* type of oil to another, drain 
the system and refill it with a new 
type of 'oil. * f hen bring the' system 
to operating temperature, redrain, and 
refill wi^h a new<type of oil. 

FUEL SYSTEM SERVICING 

i 

The fuel Jysiitem may be gravity or pres- ' 
sure refueled,; and gravity defueled. For 
detailed servicing instructions^ see fig- 
ures 63, 65,; and tables 3 and 4. For pre- 
cautionary measut*e$ fco- be observed, refer 
to T.O. 00-2$*212 and appropriate Coast 
Guard instructions. , ' 



COLD WEATHER SERVICING 



During extreme cold weather, it may 
be advisable (at the discretion of operating 
unit) to use fuel system icing inhibitor 
(C-3A) mixed with helicopter fuel. Fuel 
system icing inhibitor (C-3A) is intended 
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to eliminate icing and, when properly mixed, 
has no adverse effects upon fuel cells or. 
engine operation. The inhibitor has in ad- 
ditional capability of eliminating slime 
growth in the helicopter fuel tanks due 
to its biocidaT^cction. Note that the fuel 
system icing inhibitor is intended to eli- 
minate icing conditions only and does not 
eliminate the »' need to drain sumps to eli- 
minate water from helicopter fuel systems. 



CAUTION 



'Fuel system icing inhibitor (C-3A) must 
not be mixed in helicopter fuel cell. 



270 

2. Hinge down pressure fueling access ✓ 
door. " 

3. ' With PRI TEST and SEC TEST switches 
released, fuel cells will fill to capacity. 

4. Turn off fueling unit' when desired 
quantity is aboard or fuel flow stops. 

5. Remove fueling nozfcle, replace protec- 
tive cap, close access door, remove all 
grounds. 

NOTE 



Mix fuel system icing inhibitor (C- 
3A) at a concentration of 0.10 to 0.15 per- 
cent by volume with approve^ helicopter 
fuel (JP-4 or JP-5). Fuel must bqp treated 
with inhibitor (C-3A) in fuel truck or stor- 
age tank, at discretion of operating unit. 
Ensure that treated mixture is thoroughly 
mixed and agitated to completely disperse 
inhibitor. 

EXAMPLE: Per 1,000 gallons of fuel, add 
1.0 to 1.5 gallons of fuel system icing 
inhibitor (C-3A), and ^mix/agitate mixture 
until thoroughly dispersed. 



PRESSURE REFUELING 



WARNING 



To- avoid the possibility of explosion, 
make sure no radar is operating within 
500 feet of helicopter. 

1. Ground helicopter and fuel truck. 
1 NOTE 



Tanks may be gravity fueled through 
4 filler caps on left side of helicop- 
ter. 

■ * 

GRAVITY DE FUELING 
(See figure. 66.) 

* 

WARNING 

To avoid the possibility of explosion, 
make sure rlo radar is operating within 
500 feet of helicopter. 

1. Ground helicopter and fuel truck. 

2. , Open fuel cell drain valve covers. 

3 . Connect suction hose from truck to 
valve and open valve. Drain all cells this 
way, 

4. To completely drain fuel cells, drain 
fuel from sumps and filters through sump 
and filter drains. 



On helos modified by T.O. 568 and CG 
1481 and subsequent; ensure fueling pres- 
sure does not exceed 50 psi. 
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DC TAIL 0 
fUCL CCLL SUMP 
DRAW 
It PLACES) 



9I5CUC HOIST 
(RIGHT SlOf t 



DC TAIL P 
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DRAIN VALVC 
(4 PLACCt) 




DETAIL O 
ROTATING NAVIGATION 

LIGHT 



figure 66. - Draining diagram (Sheet 2). 



ERIC 



REVIEW 



o 

ERIC 



In this section we have covered HH-3F helicopter ground handling 
and servicing. 

(Now answer the following review questions,) 



55. 

speed? 



What is the MAXIMUM HH-3F towing 55- -A (Refer to page 85) 



A. 
B. 
C. 
D. 



5 mph 
10 mph 
15 mph 
20 mph 



56.^ Wtjen the helicopter is properly 

tied down, it can withstand a MAXIMUM of 
knot winds. 



56, -D (Refer to page 87) 



A. 20 

B. 30 

C. 50 

D. 65 



57. What should you do to prevent 

rupturing of diaphragm seals in the main 
rotor head during the next rotor engagement 
after cold weather parking? 

A. Hangar the helicopter 

B. Cover the rotor head 

C. Tie down the blades in full lag 
position 

D. De-ice the helicopter before en- 
gagement *" 



57. -C (Refer to page 90) 



58. The capacity of the intermediate 
gear box is gallon(s). 



58. -B (Refer to page 98) 



A. 
B. 
C. 
D. 



0.1 
0.2 
1.2 
1.0 



59, Main landing gear tire pressure 
on the HH-3F should be between psi. 



59. -B (Refer %o page 103) 



A. 
B. 
C. 
D , 



65 - 70 
70 - 75 
75 - 80 
80 - 85 
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FOREWORD 



Successful rescue missions are accomplished by the coordination 
of skills between the pilot and crew. 

The pilots have a training syllabus tliat requires them to be skilled 
in the art of flying. 

You, as a flight mechanic, must have a working knowledge of the 
equipment used aboard the helicopter. You must be fatniliar with 
and accomplished in the professional skills, techniques, and proce- 
dures used on rescue missions. 

This syllabus is designed specifically to give ~you the required 
training to become a proficient dnd safety-conscious flight mech- 
anic. 

You must be supervised by a qualified instructor as you complete 
this booklet. To indicate that you have satisfactorily demon- 
strated or explained as item, the "instructor will initial and date 
(abbreviated 1-1-80) the "S" block. If your performance is not 
satisfactory, the instruc tor will initial and date the "U M block, 
Tlie instructor will theft indicate in the instructor's remarks 
section tlie reason for trie unsatisfactory mark. If you are not 
prepared or fail'to satisfactorily c omplete an item, the instructor 
should (ouikcI you and indicate what preparation or additional 
training is required. 

This is a composite ground/flight syllabus derived from close 
examination of the many syllabi in existance at various air 
stations and is designed to meet the needs of all air stations. 
Commanding of ficers may deviate from this standard as required 
to meet local mission requirements and operational limitations. 
In revising this standard syllabus for local use, it should be 
remembered that a proficient, safe, and standard search and res- 
cue air crewman is the goal of the program. 

Reprinted 12/81 
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INTRODUCTION TO FLIGHT MECHANICS 
SYLLABUS GROUND PHASE 



Objectives 

A. After completing thk phase, the student will be able 

' to: > 

1. Perform taxi signalman duties safely, using 
standard hand signals. 

2. Perform the line duties reauired of a SAR air- 
crewmember (servicing, etc.) 

3. Tow an aircraft, using the proper equipment and 
procedures. 

<K Use the pyrotechnics and SAR equipment safely. 

5. Plot a course, using the proper navigation equip- 
ment and procedures. 

6. Perform a preflight, thruflight, and post flight, 
using the proper guidelines. 

7. Make a topping adjustment. 

8. Operate the APU. 

9. Wash and rustlick the engine. 

10. Install auxiliary flotation bags. 

11. Demonstrate in-flight duties. 

a. - Fuel dumping operation 

b. m Safety inspections 

c. Operation of aircraft communications 
equipment 

12. Demonstrate emergency egress procedures from 
Flight Mechanic, Avlonicsman, and Hoist Oper- 
ato^s positions. 

B. The student must accomplish the ground phase to the 
instructor's satisfaction before it can be signed off. 

C. The student must complete the ground phase before 
the flight phase can begin. 

D. Completion of this ground training will give the 
student the background needed to be a good line 
crew member and a good aircrewroember. 
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AIRCRAFT GROUND HANDLING 

I 

Instructor will have the 
pllah the following! 

A* Aircraft start and 



launch 



I. Using the proper procedures 
and safety precautions, stand 
the fire guan) for aircraft 
start and launch. 



student accom- 



s u 



B. Aircraft taxiing 



evolution* 
Aircraft ^securing 



I. Demonstrate proper procedures 

to follow during engine shut- £ 



down. 



Use the proper procedures to j 
tie down an aircraft. L 



Show how* the equipment for 
securing an aircraft Is used. 

j 

Show the location of the main 
landing gear locking pins and 
show how they are used. 



2'J3 



Demonstrate the proper pro- ^ 

cedures and hand signals for | ; T 
aircraft taxiing. 1 ' L 

Dcscrlbc Uie safety precau- ' 
tions used! during acft. taxi j | 



en 



s U 

D. Demonstrate a working knowledge I I I 
of general line operations • I I I 

II. GENERAL 



A . Progress 

B* Knowledge 

C. Judgement 

D. Attitude 

in. INSTRUCTOR'S REMARKS: 




Instructor Signature /Date 

300 . 



III. INSTRUCTOR'S REMARKS: V , 



GROUND 2 



AIRCRAFT TOWING 

Student will accomplish the following 
under guidance of the instructor: 

*» • 

A. Complete prestart check of tow 

tractor (gas, oil, etc.). 

B. Operate tow tractor. 

C. Complete tow bar safety check and 
Hook up to the aircraft. 

Hook up tow tractor to tow' bar 
and aircraft. 

E. Ensure that the proper tow crew is 
in position, and has been briefed 
on emergen cy/normal' stops. 

F. Tow aircraft, * ■ 

G. Demonstrate the aircraft towing 
safety precautions, 

(Student should go through this lesson as 
many times as it takes to complete the 
lesson to the instructorVsatisfaction.) 



S U 
i I 



I I I 

1 1 1 
I I I 



I I I 
I I I 
I I I 



II. GHIERAL 



A. 
B. 
C. 
D. 



Progress 
Knowledge; 
Judgment 
Attitude 
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Instructor Signature /Date^j 

oo 
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GROUND 3 



I. AIRCRAFT SER VICING 

Instructor will have student accomplish 
the following: * 

A . Fueling 

1. Complete prestart check of 
fuel truck. 

2. Operate fuel truck, demon- 
strating proper procedures 
and safety precautions, in- 
cluding proper static ground- 
ing sequence. 

3. Demonstrate knowledge of the 
fueling and defueling opera- 
tion on the HH-^F. 

" 4. Fuel aircraft, including pro- 
cedures for hydrant and cabi- 
net fueling. 

B. Oil and hydraulic fluid 

1. Identify the proper oil to be 
used in the engines, trans- 
mission, intermediate gear 
box, and tail .gear box. 

2. Using the proper oil, replen- 
ish the engines, transmis- 
sion, intermediate and tail 
gear Axes. 

3. Using the proper hydraulic 
fluid, replenish the primary, 
auxiliary, and utility hy- 
draulic systems. 
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4. Describe the proper proce- 
dures to be followed in ac- 
complishing items 2 and 3 in 
this section. 



S U 



C. Lubrication 

1. Using the ^ proper grease, 
equipment, and procedures, 
lubricate the landing gear. 

D. Observe the proper procedures and 
safety precautions in each of the 

o described operations. 

II. GENERAL 

A. Progress 

B . Knowledge 
C • J udgment 

D. Attitude ffl 

III. INSTRUCTOR'S REMARKS: 



Instructor Signature /Date 
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GROUND 4 



Aircraft SAR and Survival Equipment 

Instructor will have student demon- 
strate a thorough knowledge of the 
following items: (Only the items at 
your unit until the standard SAR board 
is developed. Extra spaces provided for 
items not listed.) 

» 

A. SAR equipment 



1. Message bottles 

2. Float lights 

3. ( Salt packs 

4. \ Cable splicer 

5. Cargo straps 

6. Space blankets 

7. Trail lines (with weak links 
and weighted bag) 

8. Flashlight 

9. Cable cutter 

10. Shroud cutter 
U. Aldis lamp 

12. Gloves 

13. Crash axe 

14. MK 25 arming/disarming device 

15. Doathook 

16. Survival knife 

17. Life rafts 

18. Dye markers 

19. Rescue basket 

20. Rescue platform 

21. Survival vest(s) 

22. A/C fire extinguisher 



23. Survivor's sling 

24. Sea anchor 

25. Sea drogue « 

26. First aid kits 

27. Aircrewmember's safety harness 

28. Chalkboard 

29. AHBU standard resuscitator 

30. Stoke' s litter 

31. Portable salvage pump 

32. Splints 

33. Ear plugs 

34. Survival kit - 

35. Camera 

36. Wool blankets 

37. Body bag 

38. Air-to-ground phone 

39. Tow handle 

40. Sav-a-life flotation device 
41 • Auxiliary flotation collars 
42. Bilge pump 

43. 
44. 
45. 

Rescue equipment used (but not 
in A/C) 

1. Night Sun searchlight ( 
Pyrotechnics 



1. MK-25 

2. MK-58 

3. MC-13 

4. MK-79 

Emergency radios (Survival radios for 
emergency comms, lowering to survi- 
vor for helo to ground comms) < 



1. PRC 63 

2. PRC 90 

3. URT 33 
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III. COftfJNICATICNS 

Instructor will have student perform 
> the following i 

A. ICS 

-1 • Operate avionicsaan ' s ICS 
control boxes. I 

B. AN/ARC-94 

' 1. Operste control box function 
switches. I 

2. Make frequency changes. I 

3. Contact aeronautical station 
using proper voice proce- 
dures • I 

4. Transmit operation and posi- 
tion reports. 

5. Msintain abbreviated radio 
log. 



s u 



1 — I 



III. General 



A. Progress 

B. SAR/Rescue equipment knowledge 

C. Judgment 

D. Attitude 



IV. Instructor's Remarks! 



Instructor Signature /flat e 
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NAVIGATION 

Instructor will have student accomplish 
the following! 

A. Interpret charts. 



1. Read charts. 

2. Identify types of charts. 

3. Estimate distances. % 

4. Identify approach plate. 

5. Iderttify cn route supplemental 

B. Use navigation equipment 



1 . Compass 

. 2. Plotter 

3. Dividers 

4. Pilot's computer 

C. Plot a given course, giving head- 
ings, distance/ 1 en route time, and 
any ot^er information ss desired. 
(Use 60 kts.) I 

D. Show a working knowledge of t(ie 
following electronic navigation 
equipment! 

1. ' Direction finders 

2. VHF/NAV 

3. ADF 

4. TACAN 



10 



II. GENERAL, 

A. Progress 

B. Knowledge 

C. Judgpent 

D. Attitude 

III. INSTRUCTOR'S REMA 



s u 



\ 



Instructor Signature /Date 
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INSPECTIONS 

Instructor will have the student accom- 
plish the following t 

A. Pre flight inspection 



1 4 Perfom a preflight inspec- 
tion in acoordanoe with GAM* 
Maintenance Requirement Cards .| 

2. Sign off preflight on 00-4377 
using proper procedures (sim- 
ple Cprm). I 

B. Thruf light inspection 



1. Perfom a thruflight inspec- 
tion in accordance with GAMP 
Maintenance Requirement Oards.j 

2. Sign off thruflight on CO-4377 
using proper procedures (sam- 
ple form). I 

C. Postf light inspection 



1. Perfom a post flight inspec- 
tion in accordance with CAW 
Maintenance Requirement Cards .| 



3 1 u 



s u 

2. Sign off postf light according 

to station instructions, i i J 

D. Weekly inspections 

1. Perform weekly inspections in 

accordance with GAMP Main- 

te nance Requirement Cards, 1.1 1 

E. Special inspections 

1. Perform special inspections 
in accordance with CAMP 
Maintenance Requirement Card _| | | 

a. After water landings 1 1 1 

b. Wash aircraft \ I I 

II. APU operation 

Complete the APU Start/Run checklist, 

using the proper procedures and safety _____ 

precautions. I I I 

III. Engine wash and rustlick 

Complete the engine wash and rustlick 

operation, using the proper procedures, I I I 

IV. GENERAL 



A. Progress 

B. Knowledge 

C. Judgment 

D. Attitude 

V. INSTRUCTOR'S REMARKS: 



Instructor Signature /Date 

3K 
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I. IN -FLIGHT DUTIES 

Instructor frill have student accomplish 

the following: S U 

A. Make a topping adjustment and de- | I 
scribe the proper procedures. 

B. Show the location of the fuel f | 
dump valves and describe the fuel 
dumping operation. ■> 

C. Perform in-flight inspections. I . I 

D. , Show the proper procedures for j | 

installing the auxiliary flotation 
bags. 

E. Demonstrate a knowledge of air- I I 
craft systems. 

F. Demonstrate a knowledge of in- | | 
flight emergency duties. 

0. Secure aircraft after flight. I I 



IT. GENERAL 



A. Progress 

B. Knowledge 

C. Judgment 
D* Attitude 

E. Crew coordination 



14 



312 



0- * 



III. INSTRUCTOR'S' REMARKS: 



( 



4 



Instructor Signature /Date 
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GROUND CHECKOUT 



leVlJH- 



To complete this section, uae an avail«ble^UH-3F on 
the line. You will alao need a hydraulic jenny and 
electrical power or the APU. You Mat coaplete 
thia section before you can begin your f)ight phaae. 

AIRCRAFT AND SAR EQUIPMENT 



Student will deaionatrate proper proced- 
ures for the following (location, 
knowledge, and uae)t 



s u 



A. 
D. 
C. 
D. 
E. 

r. 

H. 



It 

J. 

K. 
L. 

M. 
N. 
0. 
P. 



Crevmember duties 
ICS procedures . 
Radioa 

SAR board equipment 
Survival equipment 
Pyrotechnics 
•fiv bag y „ 
Reacue equipment! 

1. .Basket , 

2. Litter 

3. Sling 

4. Reacue platform 
Flotation bottles and inflation 
handle * 
LPU-10/P combination SHU-2I/P life 
vest 

Heater, battery, and C/B panel a 
Hoiat controls, hoiat ahear 
switch, and hot mic. 
Aircrewmember 1 * safety harness 
Aldit lamp 

Hover trim stick (Optional) * 
Variable speed hoiat control 



it 
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Q/ Piriger installation p 

R, Night sun 

S. 'Datum marker buoy 

, T. Float light, 

U. AMBU resuscitator 

V. Save-a-llfe flotation device 

V; Expendable surface current probe- 

A. SAR STANDBY EQUIPMENT 

Student* will properly use: . 

A. Dewatering pump 

B. Loud-hailer a 

III. RESCUE EQUIPMENT OPERATION 
Student will: 

.A. Complete rescue checklist 
B.j Operate hoist using: 



1 — I 



1. 

2. 
3. 



Basket (2 ea.) 
Sling (2 ea.) 
litter (2 ea.) 



IV. "PLATFORM . ■ . " 
Student will: 

A. « p Rig platform 

B. Demonstrate platform* pickup 



V. EMERGENCY ITEMS AND PROCEDURES 

2&udent will show the location of and/ 
or explain the following: ^ 

A. "Emergency exits (Demonstrate emer- 
gency egress procedures from Avio- 
nicsman, Flight Mechanic and Hoi&Jt 

f4 Operator's positions). 

B. Fire extinguisher 
C» Emergency exit lights 

D. * First aid kits 

E. In-flight fire * - 

F. Smoke, Jand fume elimination 

C. Ditching procedures 
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VI/ GENERAL 



s u 



A. Progress 

B. Aircrewman knowledge 
Ci judgment 

D. Attitude 

VII. INSTRUCTOR 1 S REMARKS (required): 



Instructor Signature /Date 
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INTRODUCTION TO FLIGHT MECHANICS SYLLABUS 
/ FLIGHT PHASE 



I. OBJECTIVES 

* ii> 
A: After completing this phase, the student will 
be able to: 

1* Accomplish a successful hoist. 

2. Perform a platform pickup using the cor- 
rect terminology and procedures. 

3. Use proper procedures to making inflight 
adjustments, inspections, procedures, and 
handling' inflight emergencies. 

B. To demonstrate this knowledge and training, the 
student 'will satisfactorily complete this 
flight syllaous. 

II. GENERAL 

« . » 

A. The flight training syllabus is designed,,to 
help you achieve proficiency, standardization, 
and safety in the operation of the aircraft. 

» 

B. " The ultimate goal is to save lives. Don't be 
p the one responsible for an unsuccessful mis- 
sion. ^ ' 

C. Flight preparation 

1. You are expected to stucjy the syllabus and 
be prepared to answer all questions con- 
cerning emergencies, performance, and pro- 
cedures. 

2. The instructor ^will give additional in- 
structions during the flight phase as 
needed. 

3. " The instructor will expect you to initiate 

all checklists at the appropriate time. 

4. All emergencies will be simulated, unless 
otherwise specified by the pilot or in- 
structor. You will be expected to treat 
all such simulations as actual emergen- 

> cies. 
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5. The instructor will emphasize the impor- 
tance of standardization, proper proce- 
dures, and emergency duties during all 
portions of the flight phase. 

6. The student will ensure that all required 
equipment id on the airplane before each 
flight. (Training and SAR) 

7. " A briefing will be held before each flight 

and a debriefing after each flight for 
going over the day's flight and reviewing 
different procedures and equipment. Tills 
is a required function. 

a, If a boat is not available for completing 
the tasks in the Flight 4 section of the 
flight syllabus, the pilot may allow you 
to hoist over another suitable object. 



9. Preflight the aircraft and inform the air- 
" craft commander of any discrepancies you 

may have found. Remove pins from landing 
gear. 
* 

10. Remove engine plugs and pi tot cover and 
stow them properly. 

11. Jlake sure any special equipment required 
for that particular flight is aboard the 
aircraft. . 

NOTEt You should report to the aircraft no 
less than 60 minutes before flight time. 
If you are going on a cross-country 
flight, make sure you have a credit^ card 
for fuel and oil and know how to use it. 
Also have blade boots and necessary equip- 
ment for aircraft tiedown. 

12. Brief any passengers on the use of para- 
chutes and life, vests and'on^the emergency 
procedures. Inform the aircraft commander 
you have done this. 
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13. Stand by for, APU and engine start. Remain 
connected to ICS and next to the aircraft 
for rotor engagement. 

14. Show the pilot you have the landing gear 
v pins, and get into the aircraft after re- 
moving the chocks. 

15. Stow the ladder and mafte ready for flight. 

16. Respond to the pilot's checkoff list as 
necessary. 

17. Put on life vest if needed. 

18. Make sure everyone aft is ready for flight 
before giving the pilot a "ready" for 
takeoff. 



19 • When directed by pilot check the droop 
stops for engagement. Report when en- 
gaged. 



20. After the rotor system is stopped, install 
the gear lock pins and chocks. 



21, Empty ash trays and pick up any trash in 

the f aircraft*:"' 

22, Inform the aircraft commander of any dis- 
crepancies you may have noticed during 
flight. ' 

23. Make" a walk-around inspection of the air- 
craft" before leaving. 

24 . If you are away from the home station, 
service the aircraft as directed by the 
aircraft commander. Secure , aircraft as 
necessary. 
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FLIGHT TRAINING 
FLIGHT 1 



^1 



I. 



FLIGHT TIME 
AIRCRAFT FAMILIARISATION * 
FLIGHT PREPARATION 

C 

A. Briefing— discuss! J* 



1. Flight controls 

2, Aircraft in general 



D. 



a. In a hover 

b. In normal 0ight pattern 

c. AFCS-off flight 

2. Instruments 

a. Engine 

b. Transmission 
t:, Flight 

,Avionicsman will demonstrate and 
explains (Student at avionicsman 
position) 

1/ Radios. 



a. 
b. 
c. 
d. 
e. 



ICS 

VHF 

UHF 

HF 

FM 
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D. Pref light (instructor and student) 

■ IT., FLIGHT PHASE (student in jump seat) 

A. Pilot will demonstrate and ex- 
plain t 

1. Flight controls 



2. Navigation Items g 

I 

a. Loran I 



C. Instructor wifT* demonstrate and 
* explain: 

I. Hoist 

a. Boat underway 

b. Boat dead in water 

c. Land 



2. Hover trba operation (Optional ) I 1 

3. Platform pickups I I 

III. DEBRIEFING (review) 

A. Day<!s flight I 1 

\ 

IV. INSTRUCTOR'S REMARKS ( required)! 
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Instructor Signature /Date 



FI2CHT 2 



FUOm TIME 

LAND HOIST 

FLIGHT PREPARATION 

A. Briefing— discuss: S 



• I. Sling « I 

2. Basket . [ 

' 3. Location and use of cable cutters 
and shear system 
ICS failure 
5. Hydraulic override 

B. Pre! light (instructor and student) [ 

FLIGHT PHASE, t 

Complete rescue checklist 

A. Hoiata (varioua altitudes) (vari- 
able apeed hoist control) 

1. SlingvWn.3) 

2. Basket (win .3) 

B. Use of standard hoisting terminology | | Z3 
0. Loaa of ICS systesi I I 1 

D. Instructor will use a basket to I I 1 
hoist; student over land area 

E. U«e of hydraulic override I I l 
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III. DEBRIEFING (rcvlcv) 
Ar Day's flight 



L 



s u 



IV. GENERAL t 1 

A. Progress } 

B. AircrewmcrtiDcr knowledge 

C. Judgment 

D . Attitude 

E. Crew coordination 



V. INSTRUCTOR'S REMARKS (required) t 



Instructor Signature /Date 



9 

ERIC 
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FUG! IT 3 




FLICHT PREPARATION 

A . Briefing — discusss 

1. Litter 

2. Fouled cable procedures 

3. Electrical system failure 
Hover trim 

5. Lookout duties 

B. Pre! light (student, instructor follow- 

% 

FLICHT RftASE 



FLICHT TIKE 



A. 



Hoists (variAis altitudes) 
1. Sling (4in.2) 



2. 
3. 



Basket 

Litter 



B. 
C. 
D. 
E. 
F. 
0. 



s 



(■In. 3) 
(■in. 3) 

Fouled hoist (simulated) 

Use of* hydraulic override 

Use of standard hoisting terminology 

Use of rescue checklist 

Use of hover trim (Optional) 

Lookout dutits 



II 1 



Z3 
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s u 

fa M # Land drop of wind indicating de- ■ 

vices and Message bottles. f I ] 

III. OHJRIEFINC (review) 

A. Day's flight J 1 



IV. GENERAL 

A. Progress 

B. Aircrewmember knowledge 

C. Judgment 

D. Attitude 

E. Crew coordination 



V. INSTRUCTOR'S REMARKS (required)! 



Instructor Signature /Date 
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FLIGHT 4 



PUOHTTI^S 



BOAT HOIST 

I. FLIGHT PREPARATION 
A. Briefing 

1. Sling/basket underway 

2. Platform pickups 

3. No platform type pickups 
#. Pax. briefing 

II. FLIGHT PHASE 

A. Hoists (underway) 

1. Sling (min. 5) 

2. Basket (mln. 5) 

B. Platform work 

1. Platform pickups (mln. 3) 

2. No platform pickups (mln. I) 

C. Use of rescue checklist 

D. ' Use of standard hoisting ter- 

minology 

E. Fouled cable (simulated) , 

F. Pax. briefing (simulated) 

III. DEBRIEFING (review) 
A. Day's flight 

28 



u 



i 1 I 
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IV. GENERAL 

A. Progress 

B. Aircrewrnember knowledge 

C. Judgment 
0. Attitude 

E. Crew coordination 
i 

V. ' INSTRUCTOR'S REMARKS (required): 



U 



Instructor Signature /Date 



ERIC 
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FXIOHT 5 



BOAT HOIST 

k 

I. FLIGHT PREPARATION 
A. Briefing 

t. Trail line ops. 



s u 



D. Preflight (student and Instructor 



follow-up) 
II. FLIGHT PHASE 

A. Hoiata (underway) 

1. Sling (min. 2) 

2. Basket (min. 2) 

3. Litter (win. 2) 

B. Hoiata (drifting) 

1. Sling (ain. 2) 

2. Baaket (»in. 2) 

3. Litter (win. 2) 

C. Trail line (underway) 



D. 
E. 

r. 



IS: 11 E 



1. Trail line— baaket 

2. Trails line— litter 
Use of standard hoisting ter- £ 
■dnology 

Use of rescue checklist L 
Use of hydraulic override vslvc C 



1 — 1 



"i 1 
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lit: DEBRIEFING (review) 
A. Day's flight 



u 



IV* GENERAL * * 

• * 

t / Progress 

B Aircrewjnember knowledge 

C. • Judgment 

D % Attitude ■ 

E. Crew coordination 

V. INSTRUCTOR'S" REMARKS* (required): 



t ■ * * Instructor Signature /Date 



FLIGHT 6 



FLIGHT TIME 



BOAT HOIST 



I. FLIGHT PREPARATION 
A, 
B. 



Briefing (pump dropaj) 

Preflight ( student, 
follow-up) ' ~ 



c 



instructor 



II. FLIGHT PHASE 
A. 



Hoists underway '(various alti- 
tudes)^ 



1. 

2 



B. 



Sling (min. 3) * 
2i Basket — trail line (min. 
J. Litter — tirail line (min. 

Hoists drifting (Various altitudes) 



1. Basket— trail line (min, 2) 

2. Litter— trail line (min. 2) 

3. Trail line with pump (min. ,2 
each of direct and indirect de- 
livery methods) * [ 



C. 
D. 
E. 



Use of standard hoisting terminology 
Use of Rescue checklist 
Hoist malfunctions 



III. DEBRIEFING (review) 
A. *• Day's flight 



u 



t — i 
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TV* GENERAL 

A. Progress > 

B. Aircrewmember knowledge 

C. Judgment 

D. Attitude 

E. Crew coordination 

V. INSTRUCTOR'S R^URKS (required): 



s u 



ERIC 
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Instructor Signature /Date 
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FLIGHT 7 



I. 



II. 



COMMUNICATIONS AND SEARCH PROfcEWJRES 
FLIGHT PREPARATION 
A. Briefing 



FUdSHf time 

J! 



1. Nav. equipment and nav. bag 

2. Communications equipment ' 
a jr, 3. Search procedures 



Pyrotechnics 



B** Pre! light (Instructor follow-up) 

FLIGHT PHASE (Crewmember In avlon- 
icsman's seat) 

A. y Communications 

1. Student will demonstrate use 
of: 



s u 



a. 


HF 


b.» 


VHF 


c: 


ICS 


d. 


Loran 



2. OPS normal report 
Search procedures 

Student will demonstrate and ex- 
plain: 

1. Scanning techniques 

2. Search procedures 

3. Sight picture » 

4. Sea^ evaluation 
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c. 



Pilot will demonstrate an auto- 
rotation 



D. Pyrotechnics launch procedures. 
Student will launch the following: 

1. MX -25 

2. KK-58 

3. Location devices 
4* Datum marker buoy 
5. Float light 

. ITT. DEBRIEFING (review) 

A. Day's flight / 1 1 



TV. GENERAL 



A. Progress ^ , 

B. Aircrewmember knowledge 

>C. Judgment 

D. Attitude 

E. Crew coordination | 

V. INSTRUCTOR'S REMARKS' (required): \ 



- Instructor Signature /Date 

333 
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FLIGHT 8 



rtjowr time 



' NIGfTT BOAT HOISTS 
FLIGHT PREPARATION 

A. Briefing 

1. Night boat operations 

2. In-flight emergencies 

B. Prefllght (student, instructor follow- 
up) 

FLIGHT PHASE 

A. . Platform pickups (min. 2) 

B. ' Hoists underway (various altitudes) 



s u 



III 



I I I 



1. Sling (min. 2) 

2. Basket (min.2) 

3. Litter (min. 2) 

Litter trail line (min. 2) 
5. Pump (direct delivery method) 

Hoists . drifting (various altitudes) 
"with trail line only 11 

1. . Basket (min. 2) 

2. Litter (min. 2) 

3. Pump (indirect delivery method) 



D. Night sun operation 

1. At conclusion of flight with 
rotor (only) stopped, trainee 
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trill assist f round crew in 
■minting Night Sun. Trainee 
trill then conduct a 15-minut© 
checkout and disassemble it 
after the flight. 



III. DEBRIEFING 

A. Nights flight 

IV. GENERAL 

A. Progress 

B. Aircrew member knowledge 

C. Judgment 

D. Attitude 

£• Crew coordination 

V. INSTRUCTOR'S REMARKS (required) t 



u 



I I I 



Instructor Signature /Date 
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FLIGHT 9 



mow nm 



CHECK FLIGHT 
(Boat Ops.) 



FLIGHT PREPARATION 

A. Briefing (day's flight) 

B. Pref light (student accomplish, in* 
s true tor observe) 

FLIGHT PHASE 



s u 



A. 
B. 

C. 



Sea evaluation 
Platfora pickups 
Hoists underway 
tudes) 



(various alti- 



^3 



D. 



1 . Basket 

2. iLitter 

3. Sling 

4. Litter trail line 

Hoists drifting (various alti- 
tudes) 



1 • Basket 

2. Litter 

3. Sling * ' 

4. Litter trail line 

5. D watering pump delivery 
(direct Method) 

E. Devatering pump trail line (drop) 

F. Use of standard hoisting terminology 
0. Use of rescue checklist 

H. ICS failure 
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I. Fouled -cable procedure 
J . In-flight emergencies 
K« Use of hydraulic override 
L. Instructor hoist student 

(boat underway) r 
M. Student hoist instructor L 

(boat underway) 
N. Use of radios L 
0. Ditch and egress (use of 

markers, pyroteclinics and 

hypothermia considerations) I 



III. GENERAL 

A. Aircrewmember knowledge 

B. Judgment 

C. Attitude 4 ^ 

D. Summarize chcc^^ight 

E. Crew coordination 

IV. INSTRUCTOR'S REMARKS ( required)! 

\ 



Instructor Signature /Date 
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HH - 3F 

HOIST OPERATOR 
STANDARDIZED SYLLABUS 




DEPARTMENT OF TRANSPORTATION U S Cosst CtianI Institute 
IT S Cosst Guard (10/70) 04442A 



FOREWORD 

This training syllabus will qualify you as a hoist ope rut or on the 
HH-3F helicopter. 

In addition to your other duties, you may be required to complete 
this syllabus according to unit policy. 

Whether you are engaged In making an actual hoist or assisting 
the flight mechanic, this syllabus will provide you with the neces- 
sary training to becoma? a proficient hoist operator. 



A qualified Instructor must supervise the student as he completes 
this booklet. To Indicate that the student has satisfactorily demon- 
strated or explained an Item, the Instructor will enter his Initials 
and the abbreviated date (1-1-76) In the "S" block. If the student's 
performance Is not satisfactory, the Instructor will Initial and 
date the "I 1 " block. He , will then Indicate In the Instructor's 
Remarks section the reason for the una at Is factory mark. If tlie 
student Is not prepared or falls to satisfactorily complete an Item, 
the Instructor should counsel him. and Indicate what preparation 
or. additional training Is required. 

This la h composite ground/flight syllabus derived from close 
examination of the many syllabi In, existence at various Air Stations 
and Is designed to meet the needs of all Air Stations. Commanding 
officers may deviate from' this standard as required to meet 
local mission requirements and operational limitations* In revising 
this syllabus for local use, It should lie remembered fliat a pro- 
ficient, safe, and standard search and rescue alrcrewman Is the 
goal of the "program. 



Hep rlnted 10/79 
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INTRODUCTION TOJIOIST OPERATOR'S SYLLABUS 



I. OBJECTIVES 

A. After completing this syllabus, the student will he able to: 

1. Demonstrate emergency egress procedures from 
hoist operators position. 

• 2. ' Accomplish a successful hoist using the correct 
terminology and procedures. 

3. Perform a platform pickup using the correct term- 
inology and procedures. 

4. Perform dewa/etMng pump deliveries using the correct 
terminology tmd procedures. 

B. To demonstrate this knowledge and training, the student 
will satisfactorily complete this hoist operators syllabus. 

II. GENE HA L 



Y 



A. The hoist operator's training syllabus is designed to help 
you achie ve proficiency, .standardisation, and safety in the 
performance of your hoisting duties. , 

B. The ultimate goal is to save lives. Don't l»e the one re- 
sponsible for an unsuccessful mission. 



C. Plight preparation 



1. You are expected to study the syllabus and be pre- 
pared to iuiswer all questions concerning emergencies, 
performance', and procedures. You should also be 
famllar with all rescue equipment. 

2. The instructor will give additional instructions during 
the flight as needed. 

3. The instructor will expect you to initiate all check- 
lists at the appropriate time. 

4. All emergencies will l>e simulated, unless otherwise 
specified by the pilot or instructor. You will be 
expected to treat all such simulations as actual emer- 
gencies. 



I 
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5 The Instructor will emphaflliie. the Importance of 
' standardisation, proper procedures, and emergency 
duties during all portions of the flight. 

6. The student Will ensure that all required equipment 
Is on the al'roraft»beforo each flight. j 

7 A briefing will be held before each flight and a de- 
' briefing after each flight, for going over the day s 

flight and' reviewing different procedures and equip- - 
' ment. Thls'ls ta required function. 

8 If a boat Is not available for completing the tasks 
' In the Flight 3 section of the syllabus, the pilot may 

"allow you Jo hoist over another suitable object. 




2 
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OKOUND 1 



u 



G HOUND CHECKOUT 

To complete this section, use C«n available HH-3F on the. 
Une yZ £m alsleed a hydraulic Jenny and electrical power 
or the A^U. Yon must complete this section before youoan 
begin your flight phase. 

AIRCRAFT AND SAR EQUIPMENT 
Student will demonstrate proper prooedu res 
for the following (location/ knowledge, and 
use): * ^ 

A. Hoist operator's , duties 

B. ICS procedures 
. c. SAR board-equipment 

D. Survival equipment 
E # Rescue equipment: 



G. ; 

H. 

I. 

J. 

K. 

L. 
- M. 

N. 

O. 

P. 

Q. 



1, BaskcY ( 

2. Litter 
j. Sling ■ ; 
4 S 'Rescue- platfortn , 

iloist controls^ hoist shear switch, and 

hot mic. ' - *• 

/yircrewnian's safety harness . 

Aldis lamp 

Hover trim stick ^ 

Variable speed hoist control* 

Night sun s ' . 

Datum marker buoy „ ■ 

Float light ' 

AMBU resuscitator 

Savb-a-life flotation device 

First aid kits ^ * N 

Demonstrate emergency egress proce- 

dures from hoist, operators position. I 




«. SAR STANDBY EQUIPMENT' 
* Student will proi*rly use: 

A. Dewatering pump * 

B. LdUd-haije^f^ 

M.JW^ OPERATION 
Student will: > 

A. Complete rescue checklist 
B * 1 Operate hoist using: '« 

1. Basket^ e a .) 
2T. Sling (2 ea.) 
3. Litter (2 ea.) 

IV. PLATFORM 
, Student will: 

* A. R*g platfdrm 
B. Demonstrate platform pickup 

V. GENERAL * 

A. Progress f 

9,. Aircrewman knowledge 

c - Judgment 

D. Attitude' 

VI. INSTRUCTOR'S REMARKS (required,: 



U r 



-o 



Instructor Signature/Date 
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FLIGHT 1 



FLIGHT TIME 



* LAND HOI$T 
I. FLIGHT PREPARATION 



s u 



A. Briefing— discuss: 

1. Sling 

2. Basket 

3. / ICS failure 

4. Hydraulic override 



H. FLIGHT PHASE 



Complete rescue checklist: \ 

A. Hoists (various altitudes) (variable speed 
hdist control) ' 

1. Sling (mln. 3) 

2. Basket (min. 3) 

B. Use of standard hoisting terminology 

C. Loss of ICS system 

D. Instructor will use a basket to hoist 

E. student over land area 
Use of hydraulic override 



1 1 



III. DEBRIEFING (review) 



A. Day's flight 



344 



IV. GENERAL 



s u 



A. Progress b 

B. Aircrewman khbwledge 

C. Judgment v 

D. Attitude 

E. Crew coordination 



V. INSTRUCTOR'S REMARKS (required): 



Instructor Signature/Date 



FLIGHT a 



FLIGHT TIME 



< LAND HOIST 

c II 

i. flic/ht preparation ^ w 

A. Briefing— discuss: . 

1. Utter — : " 

2. . Hydraulic override — 

' 3. ICS failure ^ 1 

4 . Mover trim ' 

11. FLIGHT PHASE 

A. Hoists (various altitudes) • * 

1. Sting (mln. 2) — ■ 

2. Basket (mln. 3) — 

3. Litter (mln. 3) _ 

B Fouled hoist (simulated) 

C* Use of hydraulic override _ u 

D Use of standard hoisting terminology m 

E. Use of rescue checklist 

F. Use of hover trim I 1 J 

HI. DEBRIEFING (review) . ^ ■ [ ■ — j 

A. Day's flight. ^ 

IV. GENERAL • . 

A. Progress -7 t 

B. Alrcrewman knowledge — 

C. Judgment ■ 

D. Attitude " — - ; 

E. Crew corrdlnatlon L L 
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V. x INSTRUCTOR'S REMARKS (required): 



o 



Instructor Signature/Date 

8 % 
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FLIGHT 3 



FLIGfrr T?ME 



BOAT HOIST 

I. "FLIGHT PREPARATION 

A, Briefing 

1, Sling/basket underway 

II. FLIGHT PHASE 

A. Hoists (underway) 

1^ Sling (min. 5) 

2. Basket (min. 5) 

« 

B. Platform work 

1 # Platform pickups (min. 3) 
2*. No platform pickups (min. 1) 

C. Use of rescue checklist 

D. Use of standard hoisting terminology 
e\ Fouled cable (simulated) 



s u 



1 — I 



III. DEBRIEFING (review) 
A. Day's flight 

IV. GENERAL 

A. Progress 

B. Airorewtnan knowledge 

C. Judgment 

D. Attitude 

^ E. Crew coordination 



1 1 



ERIC 
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INSTRUCTOR'S REMARKS (required): 



Instructor Signature/Date 



FUOHT 4 



PLIGHT TIME 



BOAT HOIST 

I. PLIGHT PREPARATION 
A. Briefing 

1. Trail line ope. 

II. FLIGHT Pt^VSE 

A. Hoiste (underway) 

1. Sling (min. 2) 

2. Basket (min. 2) 
* 3. Litter (min. 2) 

B. Hoists (drifting) 

1. Sling (min. 2) 

2. Basket (mini 2) 

3. Litter (min. 2) 

C. Trail line (underway) 

1. Trail line— basket (min. 1) 

2. trail line— litter (min/ 1) 

" D. Use of standard hoisting terminology 
E. Use of rescue checklist 
P. Use of hydraulic override valve 



u 



III. DEBRIEFING (review) 
A. Day's flight 



i r 



ii 



0 

ERIC 
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IV. GENERAL 
A - Progress 

B. Aircrewman knowledge 
L « Judgment 
°. Attitude 
E. Crew coordination 

V. INSTRUCTOR'S REMARKS (required): 




c 



Instructor Signature/Bite 
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FLIGHT 5 

i 



FLIGHT TIME 



BOAT HOIST 

I. FLIGHT PREPARATION 

A. Bjleflng 

1. Dewaterlng pump deliveries 

II. FLIGHT PHASE 

A. Hoists underway (various altitudes) 

1. Sling (mln. 3) 

2. Basket— trail line (mln. 3) 
3! Litter—trail line (mln. 3) 

B. .Hoists drifting. (various altitudes) 

1. Basket— trail line (mln; 2) 

2. Litter— trail line (mln. 2) 

3. Trail line with pump (mln. 2) 

C . Use of standard hoisting terminology 

D. ^Use of rescue checklist 

E. Hoist malfunctions 



u 



III. DEBRIEFING (review) 
A. Day's flight 



1 1 
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IV. GENERAL 



s u 



A. Progress 

B. Alrcrewman knowledge 

C. Judgment 

D. Attitude 

E. Crew coordination 



V. INSTRUCTOR'S REMARKS (required): 



Instructor Signature/Date 



14 
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FLIGHT 6 



NIQHT BOAT HOISTS 

I. FLIGHT PREPARATION 
A. Briefing 

1. Night's flight 

2. Dewalerlng pump delivery 

II. FLIGHT PHASE 



FLIGHT TIME 



s u 



A. Platform ptolfiupe (min. 2) 

B. Hoists underway (various altitudes) 

1. Sling (mln. 2) 

2. Basket (mln. 2) 

3. Litter (min. 2) 

4. Litter trail line (mln. 2) 

C. Hoists drifting (various altitudes) 

1. Basket (mln. 2) 

2. Litter (mln. 2) 

3. Dewaterlng pump 

a. Trail line „ 

r 

D. Night sun operation 

1. At conclusion of flight with rotor 
(oiriy) stopped, trainee will assist 
ground crew In mounting Night Sun. 
Trainee will then conduct a 15- 
mlrtute checkout and disassemble It 
after the flight. 



1 1 1 
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III. /DEBRIEFING (review entire syllabus) 

iv /general 

A. Progress 

B. Alrorewman knowledge . 

C. Judgment 

D. Attitude 

E. « Crew coordination \ * 
V. INSTRUCTOR'S REMARKS (required): 
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Instructor Signature/Date 
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FLIGHT 7 



FLIGHT TIME 



CHECK ^ LIGHT 
(Boat Dps.) 



FLIGHT PREPARATION 
A. Briefing "(cjay's flight) 



u 



II. FLIGHT PHASE 



A. Sea evaluation « 

B; Platform pickups 

C.v Hoists underway (various altitudes) 

X. .Basket 

2. Litter / 

•3. Sling 

4. Litter trail line 



D. Hoists drifting (various altitudes) * 



1. Basket 
2; Litter 

3. Sling 

4. Litter trail line 

5. De'waterlng pump delivery 
(direct method) 



E. Dewaterlng pump trail tiro 

F. Use of standard hoisting te J 

G. Use of rescue checklist 

H. ICS failure 




I, Fouled-oable procedure 

J. Use of hydraulic override 

K. Instructor hoist student (boat underway) 

L. Student hoist Instructor (boat underway) 



III. GENERAL 

A. Alrcrewman knowledge 

B. Judgment 

C. . Attitude 

D. Summarize check flight 

E. Crew coordination 

IV. INSTRUCTOR'S REMARKS (required): 
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Instructor Signature/ Date 
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